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MEMORY OVERVIEW 


inrteT 


MEMORY BACKGROUND computer systems’ insatiable appetites for higher bit 

AND DEVELOPMENT capacities and faster access speeds. 


Years ago, MOS LSI memories were little more than 
laboratory curiosities. Any engineer brave enough to 
design with semiconductor memories had a simple 
choice of which memory type to use. The 2102 Stat- 
ic RAM for ease of use or the 1103 Dynamic RAM 
for low power were the only two devices available. 
Since then, the memory market has come a long 
way, the types of memory devices have proliferated, 
and more than 3,000 different memory devices are 
now available. Consequently, the designer has many 
to choose from but the choice is more difficult, and 
therefore, effective memory selection is based on 
matching memory characteristics to the application. 


RAM Types 


Two basic RAM types have evolved since 1970. Dy- 
namic RAMs are noted for high capacity, moderate 
speeds and low power consumption. Their memory 
cells are basically charge-storage capacitors with 
driver transistors. The presence or absence of 
charge in a capacitor is interpreted by the RAM’s 
sense line as a logical 1 or 0. Because of the 
charge’s natural tendency to distribute itself into a 
lower energy-state configuration, however, dynamic 
RAMs require periodic charge refreshing to maintain 
data storage. 



Memory devices can be divided into two main cate- 
gories: volatile and nonvolatile. Volatile memories 
retain their data only as long as power is applied. In 
a great many applications this limitation presents no 
problem. The generic term random access memory 
(RAM) has come to be almost synonymous with a 
volatile memory in which there is a constant rewrit- 
ing of stored data. 

Nonvolatile memories retain their data whether or 
not power is applied. In some situations it is critical 
that a nonvolatile device be used. An example of this 
requirement would be retaining data during a power 
failure. (Tape and disk storage are also non-volatile 
memories but are not included within the scope of 
this book, which confines itself to solid-state tech- 
nologies in 1C form.) 

Thus, when considering memory devices, it’s helpful 
to see how the memory in computer systems is seg- 
mented by applications and then look at the state-of- 
the-art in these cases. 


Traditionally, this requirement has meant that sys- 
tem designers had to implement added circuitry to 
handle the dynamic RAM subsystem refresh. And at 
certain times, when refresh procedures made the 
RAM unavailable for writing and reading; the memo- 
ry’s control circuitry had to arbitrate access. LSI dy- 
namic memory controllers reduce the refresh re- 
quirement to a minimal design by offering a mono- 
lithic controller solution. 

Where users are less concerned with space and 
cost than with speed and reduced complexity, the 
second RAM type — static RAMs — generally prove 
best. Unlike their dynamic counterparts, static RAMs 
store ones and zeros using traditional flip-flop logic- 
gate configurations. They are faster and require no 
refresh. A user simply addresses the static RAM, 
and after a very brief delay, obtains the bit stored in 
that location. Static devices are also simpler to de- 
sign with than dynamic RAMs, but the static cell’s 
complexity puts these volatile chips far behind dy- 
namics in bit capacity per square mil of silicon. 


Volatile Read/Write Memory 

First examine read/write memory, which permits the 
access of stored memory (reading) and the ability to 
alter the stored data (writing). 

Before the advent of solid-state read/write memory, 
active data (data being processed) was stored and 
retrieved from nonvolatile core memory (a magnetic- 
storage technology). Solid-state RAMs solved the 
size and power consumption problems associated 
with core, but added the element of volatility. Be- 
cause RAMS lose their memory when you turn off 
their power, you must leave systems on all the time, 
add battery backup or store important data on a 
nonvolatile medium before the power goes down. 

Despite their volatility, RAMs have become very 
popular, and an industry was born that primarily fed 


Nonvolatile Read-Only Memory 

Another memory class, read-only memory (ROM), is 
similar to RAM in that a computer addresses it and 
then retrieves data stored at that address. However, 
ROM includes no mechanism for altering the data 
stored at that address — hence, the term read only. 

ROM is basically used for storing information that 
isn’t subject to change — at least not frequently. Un- 
like RAM, when system power goes down, ROM re- 
tains its contents. 

ROM devices became very popular with the advent 
of microprocessors. Most early microprocessor ap- 
plications were dedicated systems; the system’s 
program was fixed and stored in ROM. Manipulated 
data could vary and was therefore stored in RAM. 
This application split caused ROM to be commonly 
called program storage, and RAM, data storage. 
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The first ROMs contained cell arrays in which the 
sequence of ones and zeros was established by a 
metallization interconnect mask step during fabrica- 
tion. Thus, users had to supply a ROM vendor with 
an interconnect program so the vendor could com- 
plete the mask and build the ROMs. Set-up charges 
were quite high — in fact, even prohibitive unless us- 
ers planned for large volumes of the same ROM. 

To offset this high set-up charge, manufacturers de- 
veloped a user-programmable ROM (or PROM). The 
first such devices used fusible links that could be 
melted or programmed with a special hardware sys- 
tem. 

Once programmed, a PROM was just like a ROM. If 
the program was faulty, the chip had to be discard- 
ed. But, PROMs furnished a more cost-effective way 
to develop program memory or firmware for low-vol- 
ume purposes than did ROMs. 

As one alternative to fusable-link programming, Intel 
pioneered an erasable MOS-technology PROM 
(termed an EPROM) that used charge-storage pro- 
gramming. It came in a standard ceramic DIP pack- 
age but had a window that permitted die exposure to 
light. When the chip was exposed to ultraviolet light, 
high energy photons could collide with the EPROM’s 
electrons and scatter them at random, thus erasing 
the memory. 

The EPROM was not intended for use in read/write 
applications, but it proved very useful in research 
and development for prototypes, where the need to 
alter the program several times is quite common. 
Indeed, the EPROM market originally consisted al- 
most exclusively of development labs. As the fabri- 
cation process became mature, and volumes in- 
creased, EPROM’s lower prices made them attract- 
ive even for medium-volume production-system ap- 
plications. Today, millions of EPROMs are used in 
systems which require only periodic, off-line updates 
of information and parameters. 


Nonvolatile Read/Write Memory 

Technology advances have blurred the traditional 
lines drawn between read-only memories (ROMs) 
and read/write memories (RAMs). The first alterna- 
tive was the EPROM, which required removal from 
the host system, placing it under ultraviolet light for 
erasure, and subsequent reprogramming and reins- 
tallation into the host system. 

The next advancement was the introduction of a 
nonvolatile memory that was electrically erasable 
and user rewritable on a byte-by-byte basis, called 
the EEPROM. The byte erase capability and high- 
level of feature integration of the EEPROM came 
with two penalties — density and cost. Cell and pe- 
riphery complexity places EEPROM far behind 


EPROM or DRAM in bit capacity per square millime- 
ter of silicon and the resulting lack of cost-effective- 
ness and density has caused it to lag behind other 
memory technologies. 

The latest advancement is Flash memory. Flash 
memories combine the electrical erase capability of 
the EEPROM with the simplicity, density and cost-ef- 
fectiveness of EPROM cell layout. Modification to 
the EPROM cell replaces block UV-erasure with 
block electrical erasure, which can be accomplished 
while the device is still installed in the host system. 
Flash memory can also be randomly read or written 
by the local system microprocessor or microcontrol- 
ler. 

The cost effectiveness and flexibility of Flash memo- 
ry makes it applicable in code storage applications. 
Code can be quickly and easily updated during pro- 
totyping, incoming test, assembly or in the field, 
quickly and easily. High density and nonvolatile 
read/write capability also make Flash memory an 
innovative alternative for mass storage, and integrat- 
ing main memory and backup storage functions into 
directly executable Flash memory boosts system 
performance, shrinks system size, reduces power 
requirements and increases reliability over that of 
electromechanical media, especially in extreme en- 
vironmental conditions. 


APPLICATIONS OF MEMORY 
DEVICES 

Besides the particular characteristics of each device 
that has been discussed, there are a number of oth- 
er factors to consider when choosing a memory 
product, such as cost, power consumption, perform- 
ance, memory architecture and organization, and 
size of the memory. Each of these factors plays an 
important role in the final selection process. 


Performance 

Generally, the term performance relates to how fast 
the device can operate in a given system environ- 
ment. This parameter is usually rated in terms of the 
access time. Fast SRAMs can provide access times 
as fast as 20 ns, while the fastest DRAM cannot go 
much beyond the 100 ns mark. A bipolar PROM has 
an access time of 35 ns. RAM and PROM access is 
usually controlled by a^ignal most often referred to 
as Chip Select (CS). CS often appears in device 
specifications. In discussing access times, it is im- 
portant to remember that in SRAMs and PROMs, 
the access time equals the cycle time of the system 
whereas in DRAMs, the access time is always less 
than the cycle time. 
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Cost 

There are many ramifications to consider when eval- 
uating cost. Often the cost of the physical device 
used is the smallest portion of the total cost of using 
a particular device. Total cost must comprehend 
other factors such as design-in time, test expense, 
update costs, as well as cost per bit, size of memory 
power consumption, etc. 

Cost of design time is proportional to design com- 
plexity. For example, SRAMs generally require less 
design-in time than DRAMs because there is no re- 
fresh circuitry to consider. Conversely, the DRAM 
provides the lowest cost per bit because of its higher 
packing density. The cost of a service call to ex- 
change or reprogram a ROM/PROM/EPROM ver- 
sus an in-system update of a Flash memory costs 
orders of magnitude more than the device itself. 


Memory Size 

Memory size is generally specified in the number of 
bytes (a byte is a group of eight bits). The memory 
size of a system is usually segmented depending 
upon the general equipment category. Computer 
mainframes and most of today’s minicomputers use 
blocks of read/write substantially beyond 64K 
bytes — usually in the hundreds of thousands to mil- 
lions of bytes. 

The microprocessor user generally requires memory 
sizes ranging from 2K bytes up to 64K bytes. In 
memories of this size, the universal site concept al- 
lows maximum flexibility in memory design. 


Power Consumption 

Power consumption is important because the total 
power required for a system directly affects overall 
cost. Higher power consumption requires bigger 
power supplies, more cooling, and reduced device 
density per board — all affecting cost and reliability. 
All things considered, the usual goal is to minimize 
power. Many memories now provide automatic pow- 
er-down. With today’s emphasis on saving energy 
and reducing cost, the memories that provide these 
features will gain an increasingly larger share of the 
market. 

In some applications, extremely low power con- 
sumption is required, such as battery operation. For 
these applications, the use of devices made by the 
CMOS technology have a distinct advantage over 
the NMOS products. CMOS devices offer power 
savings of several magnitudes over NMOS. Non-vol- 
atile devices such as EPROMs or Flash memories 
are usually independent of power problems in these 
applications. 


Power consumption also depends upon the organi- 
zation of the device in the system. Organization usu- 
ally refers to the width of the memory word. At the 
time of their inception, memory devices were orga- 
nized as nK x 1 bits. Today, they are available in 
various configurations such as 4K x 1, 16K x 1, 64K 
x 1 , 1 K x 4, 2K x 8, etc. As the device width increas- 
es, fewer devices are required to configure a given 
memory word — although the total number of bits re- 
mains constant. The wider organization can provide 
significant savings in power consumption, because a 
fewer number of devices ^re required to be powered 
up for access to a given memory word. In addition, 
the board layout design is simpler due to fewer 
traces and better layout advantages. The wider 
width is of particular advantage in microprocessors 
and bit-slice processors because most microproces- 
sors are organized in 8-bit or 16-bit architectures. A 
memory chip configured in the nK x 8 organization 
can confer a definite advantage — especially in uni- 
versal site applications. Conversely, there is usually 
a small speed penalty, at the device level for a x8 or 
x16 organization. 


Types of Memories 

The first step to narrowing down your choice is to 
determine the type of memory you are designing — 
data store or program store. After this has been 
done, the next step is to prioritize the following fac- 
tors: 

Performance 
Power Consumption 
Density 
Cost 


SUMMARY 


Global Memory 

Generally, a global memory is greater than 64K 
bytes and serves as a main memory for a microproc- 
essor system. Here, the use of dynamic RAMs or 
Flash memory for read/write memory is dictated to 
provide the highest density and lowest cost per bit. 
The cost of providing refresh circuitry for the dynam- 
ic RAMs is spread over a large number of memory 
bits, thus minimizing the cost impact. 


Local Memory 

Local memories are usually less than 64K bytes and 
reside in the proximity of the processor itself — usual- 
ly on the same PC board. Types of memories often 
used in local memory applications are SRAM, 
EPROM, Flash memory, and EEPROM. 



Memory Technologies 
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Most of this handbook is devoted to techniques and 
information to help you design and implement semi- 
conductor memory in your application or system. In 
this section, however, the memory chip itself will be 
examined and the processing technology required to 
turn a bare slice of silicon into high performance 
memory devices is described. The discussion has 
been limited to the basics of MOS (Metal Oxide 
Semiconductor) technologies as they are responsi- 
ble for the majority of memory devices manufactured 
at Intel. 

There are three major MOS technology families — 
PMOS, NMOS, and CMOS (Figure 1). They refer to 
the channel type of the MOS transistors made with 
the technology. PMOS technologies implement 
p-channel transistors by diffusing p-type dopants 
(usually boron) into an n-type silicon substrate to 
form the source and drain. P-channel is so named 
because the channel is comprised of positively 
charged carriers. NMOS technologies are similar, 
but use n-type dopants (normally phosphorus or ar- 
senic) to make n-channel transistors in p-type silicon 
substrates. N-channel is so named because the 
channel is comprised of negatively charged carriers. 
CMOS or Complementary MOS technologies com- 
bine both p-channel and n-channel devices on the 


same silicon. Either p- or n-type silicon substrates 
can be used, however, deep areas of the opposite 
doping type (called wells) must be defined to allow 
fabrication of the complementary transistor type. 

Most of the early semiconductor memory devices, 
like Intel’s pioneering 1103 dynamic RAM and 1702 
EPROM were made with PMOS technologies. As 
higher speeds and greater densities were needed, 
most new devices were implemented with NMOS. 
This was due to the inherently higher speed of 
n-channel charge carriers (electrons) in silicon along 
with improved process margins. CMOS technology 
has begun to see widespread commercial use in 
memory devices. It allows for very low power devic- 
es used for battery operated or battery back-up ap- 
plications. Historically, CMOS has been slower than 
any NMOS device. However, CMOS technology has 
been improved to produce higher speed devices. 
The extra cost of processing required to make both 
transistor types had kept CMOS memories limited to 
those areas where the technology’s special charac- 
teristics would justify the extra cost. In the future, the 
learning curve for high performance CMOS costs 
are making a larger number of memory devices 
practical in CMOS. 




PMOS 


P-CHANNEL 

DEVICE 


N-CHANNEL 

DEVICE 



Figure 1. MOS Process Cross-sections 
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In the following section, the basic fabrication se- 
quence for an HMOS circuit will be described. 
HMOS is a high performance n-channel MOS pro- 
cess developed by Intel for 5V single supply circuits. 
HMOS, and CHMOS, CHMOS-E (EPROM) and 
ETOXtm (Flash Memory), along with their evolution- 
ary counterparts comprise the process family re- 
sponsible for most of the memory components pro- 
duced by Intel today. 

The MOS 1C fabrication process begins with a slice 
(or wafer) of single crystal silicon. Typically, it’s 100 
or 150 millimeter in diameter, about a half millimeter 
thick, and uniformly doped p-type. The wafer is then 
oxidized in a furnace at around 1000°C to grow a 
thin layer of silicon dioxide (Si 02 ) on the surface. 
Silicon nitride is then deposited on the oxidized wa- 
fer in a gas phase chemical reactor. The wafer is 
now ready to receive the first pattern of what is to 
become a many layered complex circuit. The pattern 
is etched into the silicon nitride using a process 
known as photolithography, which will be described 
in a later section. This first pattern (Figure 2) defines 
the boundaries of the active regions of the 1C, where 
transistors, capacitors, diffused resistors, and first 
level interconnects will be made. 



The patterned and etched wafer is then implanted 
with additional boron atoms accelerated at high en- 
ergy. The boron will only reach the silicon substrate 
where the nitride and oxide was etched away, pro- 
viding areas doped strongly p-type that will electri- 
cally separate active areas. After implanting, the wa- 
fers are oxidized again and this time a thick oxide is 
grown. The oxide only grows in the etched areas 
due to silicon nitride’s properties as an oxidation bar- 
rier. When the oxide is grown, some of the silicon 
substrate is consumed and this gives a physical as 
well as electrical isolation for adjacent devices as 
can be seen in Figure 3. 



Having fulfilled its purpose, the remaining silicon ni- 
tride layer is removed. A light oxide etch follows tak- 
ing with it the underlying first oxide but leaving the 
thick (field) oxide. 

Now that the areas for active transistors have been 
defined and isolated, the transistor types needed 
can be determined. The wafer is again patterned 
and then if special characteristics (such as depletion 
mode operation) are required, it is implanted with 
dopant atoms. The energy and dose at which the 
dopant atoms are implanted determines much of the 
transistor’s characteristics. The type of the dopant 
provides for depletion mode (n-type) or enhance- 
ment mode (p-type) operation. 

The transistor types defined, the gate oxide of the 
active transistors are grown in a high temperature 
furnace. Special care must be taken to prevent con- 
tamination or inclusion of defects in the oxide and to 
ensure uniform consistent thickness. This is impor- 
tant to provide precise, reliable device characteris- 
tics. The gate oxide layer is then masked and holes 
are etched to provide for direct gate to diffusion 
(“buried”) contacts where needed. 

The wafers are now deposited with a layer of gate 
material. This is typically poly crystaline silicon 
(“poly”) which is deposited in a gas phase chemical 
reactor similar to that used for silicon nitride. The 
poly is then doped (usually with phosphorus) to bring 
the sheet resistance down to 10-20 H/square. This 
layer is also used for circuit interconnects and if a 
lower resistance is required, a refractory metal/poly- 
silicon composite or refractory metal silicide can be 
used instead. The gate layer is then patterned to 
define the actual transistor gates and interconnect 
paths (Figure 4). 



The wafer is next diffused with n-type dopant (typi- 
cally arsenic or phosphorus) to form the source and 
drain junctions. The transistor gate material acts as 
a barrier to the dopant providing an undiffused chan- 
nel self-aligned to the two junctions. The wafer is 
then oxidized to seal the junctions from contamina- 
tion with a layer of SiC >2 (Figure 5). 
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Figure 5. Post Oxidation 


A thick layer glass is then deposited over the wafer 
to provide for insulation and sufficiently low capaci- 
tance between the underlying layers and the metal 
interconnect signals. (The lower the capacitance, 
the higher the inherent speed of the device.) The 
glass layer is then patterned with contact holes and 
placed in a high temperature furnace. This furnace 
step smooths the glass surface and rounds the con- 
tact edges to provide uniform metal coverage. Metal 
(usually aluminum or aluminum/silicon) is then de- 
posited on the wafer and the interconnect patterns 
and external bonding pads are defined and etched 
(Figure 6). The wafers then receive a low tempera- 
ture (approximately 500°C) alloy that insures good 
ohmic contact between the aluminum and diffusion 
or poly. 



Figure 6. Complete Circuit (without passivation) 


At this point the circuit is fully operational, however, 
the top metal layer is very soft and easily damaged 
by handling. The device is also susceptible to con- 
tamination or attack from moisture. To prevent this 
the wafers are sealed with a passivation layer of sili- 
con nitride or a silicon and phosphorus oxide com- 
posite. Patterning is done for the last time opening 
up windows only over the bond pads where external 
connections will be made. 

This completes basic fabrication sequence for a sin- 
gle poly layer process. Double poly processes such 
as those used for high density Dynamic RAMs, 
EPROMs, flash memories, and EEPROMs follow the 
same general process flow with the addition of gate, 
poly deposition, doping, and interlayer dielectric pro- 
cess modules required for the additional poly layer 
(Figure 7). These steps are performed right after the 
active areas have been defined (Figure 3) providing 
the capacitor or floating gate storage nodes on 
those devices. 
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Figure 7. Double Poly Structure 

After fabrication is complete, the wafers are sent for 
testing. Each circuit is tested individually under con- 
ditions designed to determine which circuits will op- 
erate properly both at low temperature and at condi- 
tions found in actual operation. Circuits that fail 
these tests are inked to distinguish them from good 
circuits. From here the wafers are sent from assem- 
bly where they are sawed into individual circuits with 
a paper-thin diamond blade. The inked circuits are 
then separated out and the good circuits are sent on 
for packaging. 

Packages fall into two categories — hermetic and 
non-hermetic. Hermetic packages are Cerdip, where 
two ceramic halves are sealed with a glass fritt, or 
ceramic with soldered metal lids. An example of her- 
metic package assembly is shown in Table 1. Non- 
hermetic packages are molded plastics. 

The ceramic package has two parts, the base, which 
has the leads and die (or circuit) cavity, and the met- 
al lid. The base is placed on a heater block and a 
metal alloy preform is inserted. The die is placed on 
top of the preform which bonds it to the package. 
Once attached, wires are bonded to the circuit and 
then connected to the leads. Finally the package is 
placed in a dry inert atmosphere and the lid is sol- 
dered on. 

The cerdip package consists of a base, lead frame, 
and lid. The base is placed on a heater block and 
the lead frame placed on top. This sets the lead 
frame in glass attached to the base. The die is then 
attached and bonded to the leads. Finally the lid is 
placed on the package and it is inserted in a seal 
furnace where the glass on the two halves melt to- 
gether making a hermetic package. 

In a plastic package, the key component is the lead 
frame. The die is attached to a pad on the lead 
frame and bonded out to the leads with gold wires. 
The frame then goes to an injection molding ma- 
chine and the package is formed around the lead 
frame. After mold the excess plastic is removed and 
the leads trimmed. 
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After assembly, the individual circuits are retested at 
an elevated operating temperature to assure critical 
operating parameters and separated according to 
speed and power consumption into individual speci- 
fication groups. The finished circuits are marked and 
then readied for shipment. 

The basic process flow described above may make 
VLSI device fabrication sound straightforward, how- 
ever, there are actually hundreds of individual opera- 
tions that must be performed correctly to complete a 
working circuit. It usually takes well over two months 
to complete all these operations and the many tests 
and measurements involved throughout the manu- 
facturing process. Many of these details are respon- 
sible for ensuring the performance, quality, and reli- 
ability you expect from Intel products. The following 
sections will discuss the technology underlying each 
of the major process elements mentioned in the ba- 
sic process flow. 


PHOTOLITHOGRAPHY 

The photo or masking technology is the most impor- 
tant part of the manufacturing flow if for no other 
reason than the number of times it is applied to each 
wafer. The manufacturing process gets more com- 
plex in order to make smaller and higher perform- 
ance circuits. As this happens the number of mask- 
ing steps increases, the features get smaller, and 
the tolerance required becomes tighter. This is 
largely because the minimum size of individual pat- 
tern elements determine the size of the whole cir- 
cuit, effecting its cost and limiting its potential com- 
plexity. Early MOS IC’s used minimum geometries 
(lines or spaces) of 8-10 microns (1 micron = 10~ 6 
meter = 1 /25,000 inch). The n-channel processes 
of the mid 1 970’s brought this down to approximate- 
ly 5 microns, and today minimum geometries of one 
micron are in production. This dramatic reduction 


Table 1. Typical Hermetic Package Assembly 


Flow 

Process/Materials 

Typical Item 

Frequency 

Criteria 



Wafer 

Die saw, wafer break 

Die wash and plate 

Die visual inspection 

Passivation, metal 

100% of die 



—o 

QA gate 


Every lot 

0/76, LTPD = 5% 



Die attach 
(Process monitor) 

Wet out 

4 x /operator/shift 

0/11 LTPD = 20% 



Post die attach visual 


100% of devices 




Wire bond 
(Process monitor) 

Orientation, lead 
dressing, etc. 

4 x /operator/ 
machine/shift 




Post bond inspection 


100% devices 



— 0 

QA gate 

All previous items 

every lot 

1/129, LTPD = 3% 



Seal and Mark 
(Process monitor) 

Cap align, glass 
integrity, moisture 

4 x /furnace/shift 

0/15, LTPD =15% 



Temp cycle 


10 x to mil std. 

883 cond. C 

1/11, LTPD = 20% 



Hermeticity check 
(Process monitor) 

F/G leak 

100% devices 




Lead Trim 
(Process monitor) 

Burrs, etc. (visual) 
Fine leak 

4 x /station/shift 

2 x /station/shift 

0/15, LTPD =15% 
1/129, LTPD = 3% 



External visual 

Solder voids, cap 
alignment, etc. 

100% devices 


1. 

— 0 

QA gate 

All previous items 

All lots 

1/129, LTPD = 3% 



Class test 
(Process monitor) 

Run standards 
(good and reject) 
Calibrate every 
system using 
“autover” program 

Every 48 hrs. 



!> 

Mark and Pack 

Final QA 

(See attached) 
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NOTES: 

1 . Units for assembly reliability monitor. 

2. Units for product reliability monitor. 


2-4 



INTEL MEMORY TECHNOLOGIES 



in feature size was achieved using the newer high 
resolution photo resists and optimizing their pro- 
cessing to match improved optical printing systems. 

A second major factor in determining the size of the 
circuit is the registration or overlay error. This is how 
accurately one pattern can be aligned to a previous 
one. Design rules require that space be left in all 
directions according to the overlay error so that un- 
related patterns do not overlap or interfere with one 
another. As the error space increases the circuit size 
increases dramatically. Only a few years ago stan- 
dard alignment tolerances were ^ ± 2 microns; now 
advanced Intel processes have reduced this dramat- 
ically due mostly to the use of advanced projection 
and step and repeat exposure equipment. 

The wafer that is ready for patterning must go 
through many individual steps before that pattern is 
complete. First the wafer is baked to remove mois- 
ture from its surface and is then treated with chemi- 
cals that ensure good resist adhesion. The thick 
photoresist liquid is then applied and the wafer is 
spun flat to give a uniform coating, critical for high 
resolution. The wafer is baked at a low temperature 
to solidify the resist into gel. It is then exposed with a 
machine that aligns a mask with the new pattern on 
it to a previously defined layer. The photo-resist will 
replicate this pattern on the wafer. 

Negative working resists are polymerized by the light 
and the unexposed resist can be rinsed off with sol- 
vents. Positive working resists use photosensitive 
polymerization inhibitors that allow a chemically re- 
active developer to remove the exposed areas. The 
positive resists require much tighter control of expo- 
sure and development but yield higher resolution 
patterns than negative resistance systems. 

The wafer is now ready to have its pattern etched. 
The etch procedure is specialized for each layer to 
be etched. Wet chemical etchants such as hydro- 
fluoric acid for silicon oxide or phosphoric acid for 
aluminum are often used for this. The need for 
smaller features and tighter control of etched dimen- 
sions is increasing the use of plasma etching in fab- 
rication. Here a reactor is run with a partial vacuum 
into which etchant gases are introduced and an 
electrical field is applied. This yields a reactive plas- 
ma which etches the required layer. 

The wafer is now ready for the next process step. Its 
single journey through the masking process required 
the careful engineering of mechanics, optics, organ- 
ic chemistry, inorganic chemistry, plasma chemistry, 
physics, and electronics. 


DIFFUSION 

The picture of clean room garbed operators tending 
furnace tubes glowing cherry red is the one most 
often associated with 1C fabrication. These furnace 
operations are referred to collectively as diffusion 
because they employ the principle of sold state diffu- 
sion of matter to accomplish their results. In MOS 
processing, there are three main types of diffusion 
operations: predeps, drives, and oxidations. 

Predeposition, or “predep,” is an operation where a 
dopant is introduced into the furnace from a solid, 
liquid, or gaseous source and at the furnace temper- 
ature (usually 900°C-1200°C) a saturated solution is 
formed at the silicon surface. The temperature of the 
furnace, the dopant atom, and rate of introduction 
are all engineered to give a specific dose of the dop- 
ant on the wafer. Once this is completed the wafer is 
given a drive cycle where the dopant left at the sur- 
face by the predep is driven into the wafer by high 
temperatures. These are generally at different tem- 
peratures than the predeps and are designed to give 
the required junction depth and concentration pro- 
file. 

Oxidation, the third category, is used at many steps 
of the process as was shown in the process flow. 
The temperature and oxidizing ambient can range 
from 800°C to 1200°C and from pure oxygen to mix- 
tures of oxygen and other gases to steam depending 
on the type of oxide required. Gate oxides require 
high dielectric breakdown strength for thin layers 
(between 0.01 and 0.1 micron) and very tight control 
over thickness (typically ±0.005 micron or less than 
±1/5,000,000 inch), while isolation oxides need to 
be quite thick and because of this their dielectric 
breakdown strength per unit thickness is much less 
important. 

The properties of the diffused junctions and oxides 
are key to the performance and reliability of the fin- 
ished device so the diffusion operations must be ex- 
tremely well controlled for accuracy, consistency 
and purity. 


ION IMPLANT 

Intel’s high performance products require such high 
accuracy and repeatability of dopant control that 
even the high degree of control provided by diffusion 
operations is inadequate. However, this limitation 
has been overcome by replacing critical predeps 
with ion implantation. In ion implantation, ionized 
dopant atoms are accelerated by an electric field 
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and implanted directly into the wafer. The accelera- 
tion potential determines the depth to which the 
dopant is implanted. 

The charged ions can be counted electrically during 
implantation giving very tight control over dose. The 
ion implanters used to perform this are a combina- 
tion of high vacuum system, ion source, mass spec- 
trometer, linear accelerator, ultra high resolution cur- 
rent integrator, and ion beam scanner. You can see 
that this important technique requires a host of so- 
phisticated technologies to support it. 


THIN FILMS 

Thin film depositions make up most of the features 
on the completed circuit. They include the silicon ni- 
tride for defining isolation, polysilicon for the gate 
and interconnections, the glass for interlayer dielec- 
tric, metal for interconnection and external connec- 
tions, and passivation layers. Thin film depositions 
are done by two main methods: physical deposition 
and chemical vapor deposition. Physical deposition 
is most common for deposition metal. Physical dep- 
ositions are performed in a vacuum and are accom- 
plished by vaporizing the metal with a high energy 
electron beam and redepositing it on the wafer or by 
sputtering it from a target to the wafer under an elec- 
tric field. 

Chemical vapor deposition can be done at atmo- 
spheric pressure or under a moderate vacuum. This 
type of deposition is performed when chemical gas- 
es react at the wafer surface and deposit a solid film 
of the reaction product. These reactors, unlike their 
general industrial counterparts, must be controlled 
on a microscale to provide exact chemical and phys- 
ical properties for thin films such as silicon dioxide, 
silicon nitride, and polysilicon. 


The fabrication of modern memory devices is a long, 
complex process where each step must be moni- 
tored, measured and verified. Developing a totally 
new manufacturing process for each new product or 
even product line takes a long time and involves sig- 
nificant risk. Because of this, Intel has developed 
process families, such as HMOS, on which a wide 
variety of devices can be made. These families are 
scalable so that circuits need not be totally rede- 
signed to meet your needs for higher 
performance.! 1 ) They are evolutionary so that devel- 
opment time of new processes and products can be 
reduced without compromising Intel’s commitment 
to consistency, quality, and reliability. 

The manufacture of today’s MOS memory devices 
requires a tremendous variety of technologies and 
manufacturing techniques, many more than could be 
mentioned here. Each requires a team of experts to 
design, optimize, control and maintain it. All these 
people and thousands of others involved in engi- 
neering, design, testing and production stand behind 
Intel’s products. 

Because of these extensive requirements, most 
manufacturers have not been able to realize their 
needs for custom circuits on high performance, high 
reliability processes. To address this Intel’s exper- 
tise in this area is now available to industry through 
the silicon foundry. Intel supplies design rules and 
support to design and debug circuits. This includes 
access to Intel’s n-well CHMOS technology. Users 
of the foundry can now benefit from advanced tech- 
nology without developing processes and 1C manu- 
facturing capability themselves. 

COR. Pashley, K. Kokkonen, E. Boleky, R. Jecmen, S. Liu, 
and W. Owen, “H-MOS Scales Traditional Devices to High- 
er Performance Level,” Electronics , August 18, 1977. 
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21256 

262,144 x 1-BIT DYNAMIC RAM WITH PAGE MODE 


Symbol 

Parameter 

21256-06 

21256-07 

21256-08 

21256-10 

Units 

tRAC 

Access Time from RAS 

60 

70 

80 

100 

ns 

tCAC 

Access Time from CAS 

20 

20 

20 

50 

ns 

*RC 

Read Cycle Time 

110 

130 

150 

190 

ns 


■ Page Mode Capability 

■ CAS-before-RAS Refresh Capability 

■ RAS-Only and Hidden Refresh 
Capability 

■ TTL Compatible Inputs and Output 


■ Common I/O Using Early Write 

■ Single +5V ±10% Power Supply 

■ 256 Cycle/4 ms Refresh 

■ JEDEC Standard Pinout in DIP, ZIP and 
PLCC 


The 21256 is a fully decoded dynamic random access memory organized as 262,144 one-bit words. The 
design is optimized for high speed, high performance applications such as computer memory, buffer memory, 
peripheral storage and environments where low power dissipation and compact layout are required. 

The 21256 f eatur es page mode which allows high speed random access of memory c ells w ithin the same row. 
CAS-before-RAS refresh capability provides on-chip auto refresh as an alternative to RAS-only refresh. Multi- 
plexed row and column address inputs permit the 21256 to be housed in a JEDEC standard 16-pin DIP. 


Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and output are 
TTL compatible. 


RAS- 

cas - 
w- 


CONTROL & 
CLOCKS 


A0- 
A1- 
A2- 
A3 - 
A4- 
A5- 
A6- 
A7- 
A8- 


REFRESH C 
ADDRESS 

ONTROL & 
COUNTER 





| COLUMN DECODER | 


SENSE AMPS & 

I/O GATING 



MEMORY ARRAY 
262,144 
CELLS 


Figure 1. Functional Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin 

Relative to Vss v OUT ” 1 -0V t0 + 7.0V 

Voltage on Vcc Supply 

Relative to Vss — 1 .0V to + 7.0V 

Storage Temperature - 55°C to + 1 25°C 

Power Dissipation 1 .0W 

Short Circuit Output Current 50 mA 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions” is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS Voltages referenced to Vss. Ta = 0to70°C 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.4 


Vcc+1 

V 

V|L 

Input Low Voltage 

-1 


0.8 

V 


D.C. AND OPERATING CHARACTERISTICS 

Recommended operating conditions unless otherwise noted. 


Symbol 

Parameter 

Min 

Max 

Units 

Test Condition 

•cci 

Operating Current* 

21256-06 


75 

mA 

(RAS and CAS 



21256-07 


70 

mA 

cycling @ tRc = min.) 



21256-08 


60 

mA 




21256-10 


55 

mA 


ICC2 

Standby Current 

21256-06 


2.0 

mA 

(RAS = CAS = V| H ) 



21256-07 


2.0 

mA 




21256-08 


2.0 

mA 




21256-10 


5.0 

mA 


•CC3 

RAS-Only Refresh Current* 

21256-06 


75 

mA 

(CAS = V| H , RAS 



21256-07 


70 

mA 

cycling @ tRc = min.) 



21256-08 


60 

mA 




21256-10 


40 

mA 


!CC4 

Page Mode Current* 

21256-06 


50 

mA 

(RAS = V||_, CAS cycling; 



21256-07 


45 

mA 

tpc = min.) 



21256-08 


40 

mA 



21256-10 


35 

mA 


ICC5 

CAS-before-RAS Refresh Current* 

21256-06 


75 

mA 

(RAS cycling @ tRc = min.) 



21256-07 


65 

mA 




21256-08 


55 

mA 




21256-10 


55 

mA 


•CC6 

Standby Current 



1.0 

mA 

(RAS = CAS = Vqc - 0.2V) 

>IL 

Input Leakage Current 


-10 

10 

/LtA 

(Any input 0 ^ Vin ^ 5.5V, 

V C c = 5.5V, V S s = 0V, All other 
pins not under test = 0.) 

•OL 

Output Leakage Current 


-10 

10 

fiA 

(Data out is disabled, 

0V ^ Vqut ^ 5.5V, 

V CC = 5.5V, V SS = 0V) 


♦NOTE: 

ICC1» ICC3« ICC4 an d lcC5 are dependent on output loading and cycle rates. Specified values are obtained with the output open. ICC i s 
specified as average current. 
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D.C. AND OPERATING CHARACTERISTICS 

Recommended operating conditions unless otherwise noted. (Continued) 


Symbol 

Parameter 

Min 

Max 

Units 

Test Condition 

VoH 

Output High Voltage Level 


2.4 


V 

Ooh = 5 mA) 

VoL 

Output Low Voltage Level 



0.4 

V 

(Iql = 4.2 mA) 


CAPACITANCE T A = 25'C 


Symbol 

Parameter 

Min 

Max 

Units 

C|N1 

Input Capacitance (Aq-Aq, D) 


5 

PF 

C|N2 

Input Capacitance (RAS, CAS, W) 


8 

PF 

COUT 

Output Capacitance (Q) 


7 

PF 


A.C. CHARACTERISTICS (0°C < T A < 70°C, V C c = 5.0V ±10%. See Notes 1, 2) 


Symbol 

Parameter 

21256-06 

21256-07 

21256-08 

21256-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Random Read or 

Write Cycle Time 

120 


135 


150 


190 


ns 


tRWC 

Read-Modify-Write Cycle Time 

135 


155 


175 


220 


ns 


tRAC 

Access Time from RAS 


60 


70 


80 


100 

ns 

3,4,11 

tCAC 

Access Time from CAS 


15 


25 


30 


50 

ns 

3,4,5 

*AA 

Column Address Access Time 


35 


35 


40 


50 

ns 

3,10 

tCLZ 

CAS to Output in Low-Z 

5 


5 


5 


5 


ns 

3 

tOFF 

Output Buffer T urn-Off Delay 

0 

25 

0 

25 

0 

25 

0 

30 

ns 

7 

t T 

Transition Time (Rise and Fall) 

3 

50 

3 

50 

3 

50 

3 

100 

ns 

2 

*RP 

RAS Precharge Time 

55 


65 


75 


80 


ns 


*RAS 

RAS Pulse Width 

60 

10,000 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


tRSH 

RAS Hold Time 

15 


25 


30 


50 


ns 


tCPN 

CAS Precharge Time 

(All Cycles except Page Mode) 

10 


10 


15 


25 


ns 


tCAS 

CAS Pulse Width 

15 

10,000 

25 

10,000 

30 

10,000 

50 

10,000 

ns 


tCSH 

CAS Hold Time 

60 


70 


80 


100 


ns 


tRCD 

RAS to CAS Delay Time 

15 

50 

25 

50 

25 

60 

25 

75 

ns 

4 

tRAD 

RAS to Column Address 

Delay Time 

15 

25 

20 

35 

20 

40 

20 

55 

ns 

11 

tCRP 

CAS to RAS Precharge Time 
(RAS Only Refresh) 

5 


15 


15 


15 


ns 


*ASR 

Row Address Setup Time 

0 


0 


0 


0 


ns 



3-4 




21256 


iny 


A.C. CHARACTERISTICS (0°C < T A < 70°C, V C c = 5.0V ±10%. See Notes 1, 2) (Continued) 


Symbol 

Parameter 

21256-06 

21256-07 

21256-08 

21256-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tRAH 

Row Address Hold Time 

15 


15 


15 


15 


ns 


*ASC 

Column Address Setup Time 

0 


0 


0 


0 


ns 


tCAH 

Column Address Hold Time 

10 


15 


20 


20 


ns 


*AR 

Column Address Hold Time 
Referenced to RAS 

50 


55 


65 


75 


ns 

6 

tRAL 

Column Address to RAS 

Lead Time 

30 


35 


40 


50 


ns 


*RCS 

Read Command Setup Time 

0 


0 


0 


0 


ns 


*RCH 

Read Command Hold Time 
Referenced to CAS 

5 


5 


5 


5 


ns 

9 

*RRH 

Read Command Hold Time 
Referenced to RAS 

5 


5 


5 


5 


ns 

9 

twcs 

Write Command Setup Time 

0 


0 


0 


0 


ns 

8 

twCH 

Write Command Hold Time 

15 


15 


15 


35 


ns 


twp 

Write Command Pulse Width 

10 


15 


15 


35 


ns 


*RWL 

Write Command to RAS Lead Time 

15 


25 


30 


35 


ns 


tcWL 

Write Command to CAS Lead Time 

15 


25 


30 


35 


ns 


*DS 

Data-In Setup Time 

0 


0 


0 


0 


ns 

10 

tpH 

Data-In Hold Time 

10 


15 


15 


35 


ns 

10 

*CWD 

CAS to Write Enable Delay 

15 


20 


25 


40 


ns 

8 

*RWD 

RAS to Write Enable Delay 

60 


70 


80 


100 


ns 

8 

*AWD 

Column Address to W Delay Time 

35 


35 


40 


50 


ns 

8 

*WCR 

Write Command Hold Time 
Referenced to RAS 

40 


55 


60 


85 


ns 

6 

^DHR 

Data-In Hold Time 

Referenced to RAS 

50 


55 


60 


85 


ns 

6 

*REF 

Refresh Period (256 Cycles) 


4 


4 


4 


4 

ms 


CAS-BEFORE-RAS REFRESH 

feSR 

CAS Setup Time 
(CAS-before-RAS Refresh) 

10 


10 


10 


15 


ns 


tCHR 

CAS Hold Time 
(CAS-before-RAS Refresh) 

10 


20 


25 


30 


ns 


*CPT 

Refresh Counter Test 

CAS Precharge Time 

15 


35 


50 


60 


ns 


tRPC 

RAS Precharge to CAS Active Time 

10 


10 


10 


10 


ns 


PAGE MODE 

tpc 

Page Mode Cycle Time 

40 


50 


55 


90 


ns 


tcp 

CAS Precharge Time 
(Page Mode Only) 

10 


15 


15 


30 


ns 
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A.C. CHARACTERISTICS (0°C < T A <; 70°C, V C c =r 5.0V ±10%. See Notes 1, 2) (Continued) 


Symbol 

Parameter 

21256-06 

21256-07 

21256-08 

21256-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

PAGE MODE (Continued) 

tCPA 

Access Time from CAS Precharge 


40 


45 


50 


55 

ns 

3 

tpRWC 

Fast Page Mode 

Read-Modify-Write 

65 


75 


85 


95 


ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

60 

10,000 

70 

10,000 

80 

10,000 

100 

10,000 

ns 



NOTES: 

1. An initial pause of 200 /ms is required after power-up followed by any 8 RAS cycles before proper device operation is 
achieved. 

2. V|H(min) and V||_(max) are reference levels for measuring timing of input signals. Transition times are measured between 
V|H(min) and V||_(max) and are assumed to be 5 ns for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 1 00 pF. 

4. Operation within the TRCD( max ) limit ensures that TRAc(max) can be met, tRCD(max) is specified as a reference point 
only. If tRQD is greater than the specified tRCD(max) limit, then access time is controlled exclusively by tcAC- 

5. Assumes that tRCD ^ tRCD(max). 

6. t A R, t W CR. tDHR are referenced to t RA D(max)- 

7. This parameter defines the time at which the output achieves the open circuit condition and is not referenced to Vqh or 
Vol- 

'8. twcs. tRWD. tcwD and tAWD are non-restrictive operating parameters. They are included in the data sheet as electrical 
characteristics only. If twcs ^ twcs(min) the cycle is an early write cycle and the data out pin will remain high impedance for 
the duration of the cycle. If tcwD ^ tcWD(min). *RWD ^ tRWD(min) and tAWD ^ tAWD(min). then the c y cle is a read-write cycle 
and the data out will contain the data read from the selected address. If neither of the above conditions are satisfied, the 
condition of the data out is indeterminate. 

9. Either tRQH or tRRR must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read-write 
cycles. 

1 1 . Operation within the tRAD(max) limit insures that tRAC(max) can be met. tRAD(max) is specified as a reference point only. If 
tRAD is greater than the specified tRAD(max) limit, then access time is controlled by tAA- 
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TIMING DIAGRAMS (Continued) 
PAGE MODE READ CYCLE 








TIMING DIAGRAMS (Continued) 
PAGE MODE READ-WRITE CYCLE 
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TIMING DIAGRAMS (Continued) 


CAS-BEFORE-RAS REFRESH CYCLE 
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TIMING DIAGRAMS (Continued) 
CAS-BEFORE-RAS REFRESH COUNTER TEST CYCLE 
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DEVICE OPERATION 

The 21256 contains 262,144 memory locations. 
Eighteen address bits are required to address a par- 
ticular memory location. Since the 21256 has only 9 
address input pins, time multiplexed addressing is 
used to input 9 row and 9 column addresses. The 
multiplexing is controlled by the timing relationship 
between the ro w add ress strobe (RAS), the column 
address strobe (CAS) and the valid address inputs. 

Operation of the 21 256 b egins by str obing in a valid 
row address with RAS while CAS remains high. 
Then the address on the 9 address input pins is 
changed from a row addr ess to a column address 
and is strobed in by CAS. This is the beginning of 
any 21256 cycle in which a memory location is ac- 
cessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing 
relati onsh ips. The cycle is terminated when both 
RAS and CAS have returned to the h igh state. An- 
other cycle can be initiate d afte r RAS remains high 
long enough to satisfy the RAS precharge time (tRp) 
requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are speci- 
fied by tRAS( m * n ) and tCAS( m ' n ) respectively. These 
minimum pulse widths must be satisfied for proper 
device operation an d dat a integrity. Once a cycle is 
initiated by bringing RAS low, it must not be ab orted 
prior to satisfying the minimum RAS and CAS pulse 
widths. In addi tion, a new cycle must not begin until 
the minimum RAS precharge time, tRp, has been 
satisfied. Once a cycle begins, internal clocks and 
other circuits within the 21256 begin a complex se- 
quence of events. If the sequence is broken by vio- 
lating minimum timing requirements, loss of data in- 
tegrity can occur. 

Read 

A read cycle _is achieved by main t aining the write 
enable input (W) high during a RAS/CAS cycle. The 
output of the 21256 remains in the Hi-Z state until 
valid data appears at the output. If CAS goes low 
before tRCD(max), t he ac cess time to valid data is 
specified by tRAo If CAS goes lo w afte r tRQD(max), 
the access time is measured from CAS and is speci- 
fied by tcAC- l n order to achieve the minimu m ac- 
cess time, tRAc( m in), it is necessary to bring CAS 
low before tRCD(max). 


Write 

The 21256 can perform early write, late write and 
read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is deter- 
mined by the timing relationship between W and 
CAS. In any type of write cycle, data -in m ust be valid 
at or before the falling edge of W or CAS, whichever 
is later. 

Early Write: An early write cycle is performed by 
bringing W low before CAS. The data at the data 
input pin (D) is written into the addressed memory 
cell. Throughout the early write cycle the output re- 
mains in the Hi-Z state. This cycle is good for com- 
mon I/O applications because the data-in and data- 
out pins may be tied together without bus conten- 
tion. 

Read-Modify-Write: In this cycle, valid data from 
the addressed cell appears at the output before and 
during the time that data is being written into the 
same cell lo cation . This cycle is achieved by bringing 
W low after CAS and meeting the data sheet read- 
modify-write cycle timing requirements. This cycle 
requires using a separate i/O to avoid bus conten- 
tion. 

Late Write: If W is brought low after CAS, a late 
write cycle will occur. The late write cycle is very 
similar to the read-modify-write cycle except that the 
timing parameters, tRWD and tcwD. are not neces- 
sarily met. The state of data-out is indeterminate 
since the output could be either Hi-Z or contain data 
depending on the timing conditions. This cycle re- 
quires a separate I/O to avoid bus contention. 


Data Output 

The 21 256 has a tri-state output buffer which is con- 
trolled by CAS (and W for early write). Whenever 
CAS is high (V|r) the output is in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears 
at the output, the output first remains in the Hi-Z 
state until the data is valid and then the valid data 
appears at t he o utput. The valid data remains at the 
outp ut un til CAS returns high. This is true even if a 
new RAS cycle occurs (as in hidden refresh). Each 
of the 21256 operating cycles is listed below after 
the corresponding output state produced by the cy- 
cle. 

Valid Output Data: Read, Read-Modify-Write, Hid- 
den Refresh, Page Mode Read, Page Mode Read- 
Modify-Write. 
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Hi-Z Output State : Ear ly Write , RA S-only Re fresh , 
Page Mode Write, CAS-before-RAS Refresh, CAS- 
only cycle. 

Indeterminate Output State: Delayed Write 


Refresh 

The data in the 21256 is stored on a tiny capacitor 
within each memory cell. Due to leakage, the data 
will leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows 
every 4 ms. There are several ways to accomplish 
this. 

RAS-Only Refresh: This is the most common meth- 
od for performing refr esh. It is pe rform ed by strobing 
in a row address with RAS while CAS remains high. 

CAS -befo re-RAS Refresh: The 21 256 has CAS-be- 
fore-RAS on-chip refreshing capability that elimi- 
nates the need for external refresh addresses. If 
CAS is held low for the specified setup time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs and the on-chip refresh address counter is 
inter nally in crem ented in preparation for the next 
CAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be 
performed while maintaining t he la test valid data at 
the out put b y extending the CAS active time and 
cycling RAS. The 2 1256 hidden refresh cycle is ac- 
tually a CAS-before-RAS refresh cycle within an ex- 
tended read cycle. The refresh row address is pro- 
vided by the on-chip refresh address counter. This 
eliminates the need for the external row address 
that is required i n hid den ref resh cycles by DRAMs 
that do not have CAS-before-RAS refresh capability. 

Other Refresh Methods: It is also possible to re- 
fresh the 21256 by using read, write or read-modify- 
write cycles. Whenever a row is accessed, all the 
cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta- 
geousto perfor m refr esh in t his m anner but in gener- 
al RAS-only or CAS-before-RAS refresh is the pre- 
ferred method. 


Page Mode 

The 21256 has page mode capability. Page mode 
memory cycles provide faster access and lower 
power dissipation than normal memory cycles. In 
page mode, it is possible to perform read, write or 


read-modify-cycles. As long as the applicable timing 
requirements are observed, it is possible to mix 
these cycles in any order. A pag e mode cycle begins 
with a normal cycle. While RAS is kept low to main- 
tain the row address, CAS is cycled to strobe in addi- 
tional column addresses. This eliminates the time 
required to set up and strobe sequential row ad- 
dresses for the same page. 


CAS-before-RAS Refresh Counter Test 
Cycle 

A sp ecial timing sequence using the CAS-before- 
RAS counter test cycle provides a conv enien t meth- 
od o f verifying the functionality of the CAS-before- 
RAS refresh activated circuitry. 

After the CAS-before-RAS refresh opera tion, if CAS 
goes high and then low again while RAS is held low, 
the read and write operations are enabled. 

This is shown in the CAS-before-RAS counter test 
cycle timing diagram. A memory cell can be ad- 
dressed with 9 row address bits and 9 column ad- 
dress bits defined as follows: 

Row Address — Bits AO through A7 are supplied by 
the on-chip refresh counter. The A8 bit is set high 
internally. 

Column Address— Bits AO t hrough A8 are strobed- 
in by the falling edge of CAS as in a normal memory 
cycle. 


Suggested CAS-before-RAS Counter 
Test Procedure 

The CAS-before-RAS refresh counter test cycle tim- 
ing is used in each of the following steps: 

1. Initialize the internal refresh counter by perform- 
ing 8 cycles. 

2. Write a test pattern of “lows” into the memory 
cells at a single column address and 256 row ad- 
dresses. (The row addresses are supplied by the 
on-chip refresh counter.) 

3. Using read-modify-write cycles, read the “lows” 
written during step 2 and write “highs” into the 
same memory locations. Perform this step 256 
times so that highs are written into the 256 mem- 
ory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 
3 and 4. 
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Power-Up 

If RAS = V§s during power-up, the 21256 could be- 
gin an active cycle. This condition results in higher 
than necessary current demands from the power 
supp ly d uring power-up. It is recommended that 
RAS and CAS track with Vqq during power-up or be 
held at a valid Vjh in order to minimize the power-up 
current. 

An initial pause of 1 00 jus is required after power-up 
followed by 8 initialization cycles before proper de- 
vice operation is assured. 8 initialization cycles are 
also r equire d after any 4 ms period in which there 
are no R AS cy cles. An initialization cycle is any cycle 
in which RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the 21256 
inputs act like unterminated transmission lines re- 
sulting in significant positive and negative over- 
shoots at the inputs. To minimize overshoot it is ad- 
visable to terminate the input lines and to keep them 
as short as possible. Although either series or paral- 
lel termination may be used, series termination is 
generally recommended since it is simple and draws 
no additional power. It consists of a resistor in series 
with the input line placed close to the 21256 input 
pin. The optimum value depends on the board lay- 
out. It must be determined experimentally and is 
usually in the range of 20ft to 40ft. 


Board Layout 

It is important to lay out the power and ground lines 
on memory boards in such a way that switching tran- 
sient effects are minimized. The recommended 
methods are gridded power and ground lines or sep- 
arate power and ground planes. The power and 


ground lines act like transmission lines to the high 
frequency transients generated by DRAMs. The im- 
pedance is minimized if all the power supply traces 
to all DRAMs run both horizontally and vertically and 
are connected at each intersection or better yet if 
power and ground planes are used. 

Address and control lines should be as short as pos- 
sible to avoid skew. In boards with many DRAMs 
these lines should fan out from a central point like a 
fork or comb rather than being connected in a ser- 
pentine pattern. Also the control logic should be 
centrally located on large memory boards to facili- 
tate the shortest possible address and control lines 
to all the DRAMs. 


Decoupling 

The importance of proper decoupling cannot be over 
emphasized. Excessive transient noise or voltage 
droop on the Vqc line can cause loss of data integri- 
ty (soft errors). The total combined voltage changes 
over time in the Vcc to Vss voltage (measured at 
the device pins) should not exceed 500 mV. 

A high frequency 0.3 jliF ceramic decoupling capaci- 
tor should be connected between the Vqq and 
ground pins of each 21256 using the shortest possi- 
ble traces. These capacitors act as a low impedance 
shunt for the high frequency switching transients 
generated by the 21256 and they supply much of the 
current used by the 21256 during cycling. 

In addition, a large tantalum capacitor with a value of 
47 juiF to 100 juF should be used for bulk decoupling 
to recharge the 0.3 julF capacitors between cycles, 
thereby reducing power line droop. The bulk decou- 
pling capacitor should be placed near the point 
where the power traces meet the power grid or pow- 
er plane. Even better results may be achieved by 
distributing more than one tantalum capacitor 
throughout the memory array. 



PACKAGE DIMENSIONS 


16-LEAD PLASTIC DUAL-IN-LINE PACKAGE 
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PACKAGE DIMENSIONS (Continued) 
16-LEAD ZIG ZAG INLINE PACKAGE (ZIP) 
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65,536 x 4-BIT DYNAMIC RAM WITH PAGE MODE 


Symbol 

Parameter 

21464-06 

21464-07 

21464-08 

21464-10 

Units 

tRAC 

Access Time from RAS 

60 

70 

80 

100 

ns 

tCAC 

Access Time from CAS 

15 

25 

30 

50 

ns 

tRC 

Read Cycle Time 

110 

130 

150 

190 

ns 


■ Page Mode Capability 

■ CAS-Before-RAS Refresh Capability 

■ RAS-Only and Hidden Refresh 
Capability 

■ TTL Compatible Inputs and Outputs 


■ Early Write or Output Enable Controlled 
Write 

m Single + 5V ±10% Power Supply 

■ 256 Cycle/4 ms Refresh 

E JEDEC Standard Pinout in DIP, PLCC, 
ZIP 


The 21464 is a fully decoded 65,536 x 4 dynamic random access memory. The design is optimized for high 
speed, high performance applications such as computer memory, buffer memory, peripheral storage and 
environments where low power dissipation and compact layout are required. 

The 21464 f eatur es page mode which allows high speed random access of memory c ells w ithin the same row. 
CAS-before-RAS refresh capability provides on-chip auto refresh as an alternative to RAS-only refresh. Multi- 
plexed row and column address inputs permit the 21464 to be housed in a standard 18-pin DIP. 

Clock timing requirements are noncritical, and power supply tolerance is very wide. All inputs and outputs are 
TTL compatible. 
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Figure 1. Functional Block Diagram 
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Figure 2. Pin Configurations 


PIN NAMES 


A0-A7 

Address Input 

DQ-| -DQ4 

Data In/Out 

W 

Read/ Write Input 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

Vcc 

Power ( + 5 V) 

v ss 

Ground 

OE 

Output Enable 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin 

Relative to Vss - 1 V to + 7V 

Voltage on Vqc Supply 

Relative to Vss - 1 V to + 7V 

Storage Temperature - 55°C to + 1 25°C 

Power Dissipation 1 .OW 

Short Circuit Output Current 50 mA 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions ” is not recommended and ex- 
tended exposure beyond the “Operating Conditions " 
may affect device reliability. 


RECOMMENDED OPERATING COI 

SlDITIONS Voltages referenced to Vss. t a = 

0 to 70°C 

Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.4 


Vcc + 1 

V 

V|L 

Input Low Voltage 

-1.0 


0.8 

V 
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D.C. OPERATING CHARACTERISTICS 

Recommended operating conditions unless otherwise noted 


Symbol 

Parameter 

Min 

Max 

Units 

Test Condition 

•cci 

Operating Current* 

21464-06 


75 

mA 

RAS and CAS Cycling 



21464-07 


70 

mA 

@ tpc = Min 



21464-08 


65 

mA 




21464-10 


55 

mA 


•CC2 

Standby Current 

21464-06 


2.0 

mA 

RAS = CAS = V| H 



21464-07 


2.0 

mA 




21464-08 


2.0 

mA 




21464-10 


5.0 

mA 


•CC3 

RAS-Only Refresh Current* 

21464-06 


75 

mA 

CAS = V|h, RAS Cycling 



21464-07 


70 

mA 

@ tRQ = Min 



21464-08 


60 

mA 




21464-10 


40 

mA 


•CC4 

Page Mode Current* 

21464-06 


50 

mA 

RAS = V||_, CAS Cycling: 



21464-07 


45 

mA 

c 

II 

o 

OL 



21464-08 


40 

mA 




21464-10 


35 

mA 


ICC5 

CAS-Before-RAS* 

21464-06 


75 

mA 

RAS Cycling @ tRc = Min 


Refresh Current 

21464-07 


70 

mA 




21464-08 


65 

mA 




21464-10 


55 

mA 


IlL 

Input Leakage Current 


-10 

10 

jlxA 

i 

Any Input 0 ^ Vin ^ 5.5V, 

V C c = 5.5V, V S s = 0 V, All Other 
Pins Not Under Test = 0V 

•dql 

Output Leakage Current 


-10 

10 

jaA 

Data Out is Disabled, 0 V ^ Vout 
£ 5.5V, V C c = 5.5V, V S s = 0 V 

VoH 

Output High Voltage Level 


2.4 


V 

Iqh = 5 mA 

VOL 

Output Low Voltage Level 



0.4 

V 

Iql = 4.2 mA 


NOTE: 

*!<X is dependent on output loading and cycle rates. Specified values are obtained with the output open. Ice is specified as 
an average current. 


CAPACITANCE t a = 25°C 


Symbol 

Parameter 

Min 

Max 

Unit 

C|N1 

Input Capacitance (A 0 -A 7 ) 


5 

PF 

C|N2 

Input Capacitance (RAS, CAS, W, OE) 


8 

PF 

CdQ 

Output Capacitance (Dq-|-Dq 4 ) 


7 

PF 


/ 
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A.C. CHARACTERISTICS (0°C < T A < 70°C = 5.0V ±10%. See notes 1, 2) (Continued) 



Symbol 

Parameter 

21464-06 

21464-07 

21464-08 

21464-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tRAL 

Column Address to RAS Lead Time 

30 


35 


40 


50 


ns 


tRCS 

Read Command Set-Up Time 

0 


0 


0 


0 


ns 


*RCH 

Read Command Hold Time 

Referenced to CAS 

5 


5 


5 


5 


ns 

9 

tRRH 

Read Command Hold Time 

Referenced to RAS 

5 


5 


5 


5 


ns 

9 

twcs 

Write Command Set-Up Time 

0 


0 


0 


0 


ns 

8 

twCH 

Write Command Hold Time 

15 


15 


15 


35 


ns 


t W p 

Write Command Pulse Width 

10 


15 


15 


35 


ns 


tRWL 

Write Command to RAS Lead Time 

15 


25 


30 


35 


ns 


tcWL 

Write Command to CAS Lead Time 

15 


25 


30 


35 


ns 


Ids 

Data-In Set-Up Time 

0 


0 


0 


0 


ns 

10 

tDH 

Data-In Hold Time 

10 


15 


15 


35 


ns 

10 

tCWD 

CAS to Write Enable Delay 

35 


50 


60 


70 


ns 

8 

tRWD 

RAS to Write Enable Delay 

90 


100 


110 


135 


ns 

8 

UWD 

Column Address to W Delay Time 

60 


65 


70 


85 


ns 

8 

tWCR 

Write Command Hold Time 

Referenced to RAS 

40 


55 


60 


85 


ns 

6 

tDHR 

Data-In Hold Time 

Referenced to RAS 

50 


55 


60 


85 


ns 

6 

tOEA 

Access Time from OE 


15 


20 


20 


25 

ns 


tOED 

OE to Data in Delay Time 

15 


20 


25 


30 


ns 


tOEZ 

Output Buffer T urn Off Delay from OE 


15 


20 


20 

0 

30 

ns 


tOEH 

OE Hold Time Referenced to W 

15 


20 


20 


25 


ns 


tREF 

Refresh Period (256 Cycles) 


4 


4 


4 


4 

ms 



I 
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A.C. CHARACTERISTICS (0°C <; T a ^ 70°C = 5.0V ±10%. See notes 1, 2) (Continued) 


Symbol 

Parameter 

21464-06 

21464-07 

21464-08 

21464-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS Set-Up Time 
(CAS-Before-RAS Refresh) 

10 


10 


10 


15 


ns 


tCHR 

CAS Hold Time 
(CAS-Before-RAS Refresh) 

10 


20 


25 


30 


ns 


tRPC 

RAS Precharge to CAS Hold Time 

10 


10 


10 


10 


ns 


tCPT 

Refresh Counter Test 

CAS Precharge 

15 


35 


50 


60 


ns 


tpc 

Page Mode Cycle Time 

40 


50 


55 


90 


ns 


*CP 

CAS Precharge Time (Page Mode Only) 

10 


15 


15 


30 


ns 


tCPA 

Access Time from CAS Precharge 


40 


45 


50 


55 

ns 

3 

tpRWC 

Fast Page Mode Read-Modify-Write 

95 


105 


120 


140 


ns 


tRASP 

RAS Pulse Width (Fast Page Mode) 

60 

10,000 

70 

10,000 

80 

10,000 

100 

10,000 

ns 


*ROH 

RAS Hold Time Referenced to OE 

10 


15 


20 


20 


ns 



NOTES: 

1. An initial pause of 200 /ns is required after power-up followed by any 8 RAS cycles before proper device operation is achieved. 

2. V|N(min) and V|i_(max) are referenced levels for measuring timing of input signals. Transition times are measured between Vin(min) and V||_(max) and are assumed to be 5 ns 
for all inputs. 

3. Measured with a load equivalent to 2 TTL loads and 100 pF. 

4. Operation within the tRCD(max) limit insures that tRAc(max) can h® met. tRCD(max) is specified as a reference point only. If Ircd is greater than the specified tRCD( max ) limit, 
then access time is controlled exclusively by tcAC- 

5. Assumes that tRCD ^ tRCD(max). 

6. tAR, twcR. tDHR are referenced to tRAD(max). 

7. This parameter defines the time at which the output achieves the open circuit condition and is not referenced to Vqh or Vol- 

8. twcs> *rwd> tcwD and Uwd are non restrictive operating parameters. They are included in the data sheet as electrical characteristics only. If tyycs ^ twcs(min) the cycle is 
an early write cycle and the data out pin will remain high impedance for the duration of the cycle. If tcwD ^ tcwD( min ) and tRWD ^ tRWD( min ) and tAWD ^ tRWD(min) and 
tAWD ^ tAWD(min). then the cycle is a read-write cycle and the data out will contain the data read from the selected address. If neither of the above conditions are satisfied, 
the condition of the data out is indeterminate. 

9. Either tRQR or tRRR must be satisfied for a read cycle. 

10. These parameters are referenced to the CAS leading edge in early write cycles and to the W leading edge in read-write cycles. 

1 1 . Operation within the tRAD(max) limit insures that tRAc(max) can be met. tRAo(max) is specified as a reference point only. If tRAD is greater than the specified tRAD(max) 
limit, then access time is controlled by tAA- 
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DEVICE OPERATION 

The 21464 contains 262,144 memory locations or- 
ganized as 65,536 4-bit words. Sixteen address bits 
are required to address a particular 4-bit word in the 
memory array. Since the 21464 has only 8 address 
input pins, time multiplexed addressing is used to 
input 8 row and 8 column addresses. The multiplex- 
ing is controlled by the t iming relationship between 
the row addr ess s trobe (RAS), and the column ad- 
dress strobe (CAS) and the valid address inputs. 

Operation of the 21 464 b egins by str obing in a valid 
row address with RAS while CAS remains high. 
Then the address on the 8 address input pins is 
changed from a row addr ess to a column address 
and is strobed in by CAS. This is the beginning of 
any 21464 cycle in which a memory location is ac- 
cessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing 
relati onsh ips. The cycle is terminated when both 
RAS and CAS have returned to the h igh state. An- 
other cycle can be initiate d afte r RAS remains high 
long enought to satisfy the RAS precharge time (tRp) 
requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are speci- 
fied by tRAs(min) and tcAs( min ) respectively. These 
minimum pulse widths must be satisfied for proper 
device operation an d dat a integrity. Once a cycle is 
initiated by bringing RAS low, it must not be ab orted 
prior to satisfying the minimum RAS and CAS pulse 
widths. In addi tion, a new cycle must not begin until 
the minimum RAS precharge time, tRp, has been 
satisfied. Once a cycle begins, internal clocks and 
other circuits within the 21464 begin a complex se- 
quence of events. If the sequence is broken by vio- 
lating minimum timing requirements, loss of data in- 
tegrity can occur. 


Read 

A read cycle _is achieved by maintaining the write 
enable input (W) high during a RAS/CAS cycle. The 
four outputs of the 21464 remain in the Hi-Z state 
until valid data appears at the outputs. The 21464 
has common data I/O pins^For this reason an out- 
put enable control input (OE) has been provided so 
the output buffer can be precisely controlled. For 
data to appear at the outputs, OE must be lo w for 
the period of time defined by toEA and toEZ- If CAS 
goes low before tRCD(max), the acc ess time to valid 
data is specified by tRAC- If CAS goes low after 


tRCD(max), the access time is measured from CAS 
and is specified by tcAC- In order to achieve the min- 
imum access time, tRAc(min), it is necessary to bring 
CAS low before tRCD(max). 


Write 

The 21464 can perform early write and read-modify- 
write cycles. The difference between these cycles is 
in the state of data-out and is determ ined by the 
timing relationship between W, OE and CAS. In any 
type of write cycle Data-i n mu st be valid at or before 
the falling edge of W or CAS, whichever is later. 

Early Write: An early write cycle is performed by 
bringing W low before CAS. The 4-bit wide data at 
the data input pins is written into the addressed 
memory cells. Throughout the early write cycle the 
outputs remam in the Hi-Z state regardless of the 
state of the OE input. 

Read-Modify-Write: In this cycle, valid data from 
the addressed cells appears at the outputs before 
and during the time that data is being written into the 
same_cell locatio ns. T his cycle is achieved by bring- 
ing W low after CAS and meeting the data sheet 
read -modify- write timing requirements. The output 
enable input (OE) must be low during the time de- 
fined by toEA and toEZ f° r data to appear at the 
outputs. If tcwD and tRWD are n °t met the output 
may contain invalid data. Conforming to the OE tim- 
ing requirements prevents bus contention on the 
21464 DQ pins. 


Data Output 

The 21464 h as t ri-state output buffers whic h are 
controlled by CAS and OE. When either CAS or OE 
is high (Vm) the outputs are in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears 
at the outputs, the outputs first remain in the Hi-Z 
state until the data is valid and then the valid data 
appears at the outp uts. T he vali d data remains at the 
outputs until either CAS or OE returns high. This is 
true even if a new RAS cycle occurs (as in hidden 
refresh). Each of the 21464 operating cycles is listed 
below after the corresponding output state produced 
by the cycle. 

Valid Output Data: Read, Read-Modify-Write, Hid- 
den Refresh, Page Mode Read, Page Mode, Read- 
Modify-Write. 

Hi-Z Output Stat e: Ear ly Write, RAS-Only Refresh, 
Page Mode Write, CAS-Only Cycle. 
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Indeterminate Output State; Delayed Write (tcwD 
or tRWD are not met). 


Refresh 

The data in the 21464 is stored on a tiny capacitor 
within each memory cell. Due to leakage the data 
will leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows 
every 4 ms. There are several ways to accomplish 
this. 

RAS-Only Refresh: This is the most common meth- 
od for performing refr esh. It is pe rform ed by strobing 
in a row address with RAS while CAS remains high. 
This must be performed on each of the 256 row ad- 
dresses (A 0 -A 7 ) every 4 ms. 

CAS-B efore -RAS Refresh: The 21464 has CAS- 
Before-RAS refresh capability that eli mina tes the 
need for external refresh addresses. If CAS is held 
low for the specified set-up time (tcsFi) before RAS 
goes low, the on-chip refresh circuity is enabled. An 
internal refresh operation automatically occurs and 
the on-chip refresh address counter is inter nally in- 
cremented in preparation for the next CAS-Before- 
RAS refresh Cycle. 

Hidden Refresh: A hidden refresh cycle may be 
performed while maintaining th e las test valid data at 
the out puts by extending the CAS active time and 
cycling RAS . The 21 464 hidden refresh cycle is ac- 
tually a CAS-Before-RAS refresh cycle within an ex- 
tended read cycle. The refresh row address is pro- 
vided by the on-chip refresh address counter. This 
eliminates the need for the external row address 
that is required i n hid den ref resh c ycles by DRAMS 
that do not have CAS-Before-RAS refresh capability. 

Other Refresh Methods: It is also possible to re- 
fresh the 21464 by using read, write or read-modify- 
write cycles. Whenever a row is accessed all the 
cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta- 
geousto perfo rm re fresh in this m anner but in gener- 
al RAS-only or CAS-Before-RAS refresh are the pre- 
ferred methods. 


Page Mode 

Page mode memory cycles provide faster access 
and lower power dissipation than normal memory 
cycles. In page mode, it is possible to perform read, 
write or read-modify-write cycles. As long as the ap- 
plicable timing requirements are observed, it is pos- 
sible to mix these cycles in any order. A page mode 
cycle begins with a normal cycle. While RAS is kept 
low to maintain the row address, CAS is cycled to 


strobe in additional column addresses. This elimi- 
nates the time required to set up and strobe sequen- • 
tial row addresses for the same page. 


Power-Up 

If RAS = Vss during power-up, the 21464 might 
begin an active cycle. This condition results in higher 
than necessary current demands from the power 
sup ply du ring power-up. It is recommended that AS 
and CAS track with Vqc during power-up or be held 
at a valid Vih in order to minimize the power-up cur- 
rent. 

An initial pause of 1 00 jus is required after power-up 
followed by 8 initialization cycles before proper de- 
vice operation is assured. Eight initializations cycles 
are als o req uired after an 4 ms period in which there 
are no R AS cy cles. An initialization cycle is any cycle 
in which RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the 21464 
inputs act like unterminated transmission lines re- 
sulting in significant positive and negative over- 
shoots at the inputs. To minimize overshoot it is ad- 
visable to terminate the input lines and to keep them 
as short as possible. Although either series or paral- 
lel termination may be used, series termination is 
generally recommended since it is simple and draws 
no additional power. It consists of a resistor in series 
with the input line placed close to the 21464 input 
pin. The optimum value depends on the board lay- 
out. It must be determined experimentally and is 
usually in the range of 20fl to 4011. 


Board Layout 

It is important to lay out the power and ground lines 
on memory boards in such a way that switching tran- 
sient effects are minimized. The recommended 
methods are gridded power and ground lines or sep- 
arate power and ground planes. The power and 
ground lines act like transmission lines to the high 
frequency transients generated by DRAMs. The im- 
pedance is minimized if all the power supply traces 
to all the DRAMs run both horizontally and vertically 
and are connected at each intersection, or better 
yet, if power and ground planes are used. 

Address and control lines should be as short as pos- 
sible to avoid skew. In boards with many DRAMs 
these lines should fan out from a central point like a 
fork or comb rather than being connected in a ser- 
pentine pattern. Also the control logic should be 
centrally located on the memory boards to facilitate 
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the shortest possible address and control lines to all 
the DRAMs. 


Decoupling 

The importance of proper decoupling cannot be 
overemphasized. Excessive transient noise or volt- 
age droop on the Vcc line can cause loss of data 
integrity (soft errors). The total combined voltage 
changes over time in the Vcc to Vss voltage (mea- 
sured at the device pins) should not exceed 500 mV. 

A high frequency 0.3 jllF ceramic decoupling capaci- 
tor should be connected between the Vcc and 


ground pins of each 21464 using the shortest possi- 
ble traces. These capacitors act as a low impedance 
shunt for the high frequency switching transients 
generated by the 21464 and they supply much of the 
current used by the 21464 during cycling. 

In addition, a large tantalum capacitor with a value of 
47 juF to 100 /xF should be used for bulk decoupling 
to recharge the 0.3 jllF capacitors between cycles, 
thereby reducing power line droop. The bulk decou- 
pling capacitor shuld be placed near the point where 
the power traces meet the power grid or power 
plane. Even better results may be achieved by dis- 
tributing more than one tantalum capacitor around 
the memory array. 


PACKAGE DIMENSIONS 

18-LEAD PLASTIC DUAL IN-LINE PACKAGE 



Item 

Millimeters 

Inches 

A 

22.950 ± 0.05 

0.903 ± 0.002 

B 

6.40 ± 0.05 

0.252 ± 0.002 

C 

7.62 

0.300 

D 

0.025 ± 0.025 

0.010 ± 0.001 

E 

3.25 ± 0.05 

0.128 ± 0.002 

F 

0.506 ± 0.1 

0.020 ± 0.004 

G 

3.302 ± 0.1 

0.130 ± 0.004 

H 

2.54 

0.100 

1 

1.27 ± 0.05 

0.050 ± 0.002 

J 

0.457 ± 0.05 

0.018 ± 0.002 

K 

1.32 

0.052 
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21010 

1,048,576 x 1-Bit Dynamic RAM with Page Mode 


Performance Range 



*RAC 

*CAC 

*RC 

21010-06 

60 ns 

20 ns 

110 ns 

21010-07 

70 ns 

20 ns 

130 ns 

21010-08 

80 ns 

20 ns 

160 ns 

21010-10 

100 ns 

25 ns 

190 ns 


■ Fast Page Mode Operation 

■ CAS before RAS Refresh Capability 

■ Common I/O Using “Early Write” 


■ Single 5V + 10% Power Supply 

■ 512 Cycles/8 ms refresh 

■ Available in Plastic DIP, SOJ and ZIP 
Packages 


Intel 21010 is a CMOS high speed 1,048,576 x 1 dynamic RAM optimized for high performance applications 
such as mainframes, graphics and microprocessor systems. 

21010 features Fast Page Mode operation which allows high speed random access of memory cells within the 
same row. 


CAS before RAS refresh capability provides on-chip auto refresh as an alternative to RAS only refresh. All 
Inputs, Output and Clocks are fully CMOS and TTL compatible. 


Functional Block Diagram 


j 




COLUMN DECODER 


SENSE AMPS & I/O GATINGS 


PIN CONFIGURATION 


DATA 

OUT 

BUFF 



13 UA7 
12 □ A6 
11 DA5 
10 UA4 


240153-2 


SOJ 



NOTE: 

T.F. = Test Function, Ground or No Connect 



Pin Names 


Ao~Ag 

Address Inputs 

w 

Read/Write Strobe 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

D 

Data In 

Q 

Data Out 

Vss 

Ground 

Vcc 

Power + 5V 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative to Vss 

(Vin.Vout) -IV to +7.0V 

Voltage on Power Supply Relative to V§s 

(V cc ) -IV to + 7.0V 

Storage Temperature (T stg ) - 55°C to + 1 50°C 

Power Dissipation (Pd) 600 mW 

Short Circuit Output Current (Iqs) 50 mA 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 

(Voltage Referenced to Vss- T A = 0°C t0 + 70°C) 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V| H 

Input High Voltage 

2.4 


Vcc + 1 

V 

V IL 

Input Low Voltage 

-1.0 


0.8 

V 


NOTES: 

1. V|i_ (Min) = -1.0V for continuous DC level. 

2. Vil (Min) = -2.0V for pulse width < 20 ns. 


Capacitance (t a = 25°C) 


Symbol 

Parameter 

Min 

Max 

Units 

Cjnl 

Input Capacitance (Ag-Ag, D) 


6 

PF 

C in2 

Input Capacitance (RAS, CAS, WE) 


7 

PF 

Gout 

Output Capacitance (Q) 


7 

PF 


D.C. AND OPERATING CHARACTERISTICS 

(Recommended Operating Conditions unless Otherwise Noted) 


Symbol 

Parameter 

Speed 

Min 

Max 

Units 

•cci 

Operating Current 

-06 


90 

mA 

Icci 

(RAS and CAS Cycling 

-07 


80 

mA 


@ tRc = Min 

-08 


70 

mA 



-10 


60 

mA 

Icc 2 

Standby Current 

(TTL Power Supply Current) 

-06 


2 

mA 

!CC3 

RAS Only Refresh Current 

-06 


90 

mA 

•CC3 

(CAS = V|h, RAS Cycling 

-07 


80 

mA 


@ tRc = Min 

-08 


70 

mA 



-10 


60 

mA 

ICC4 

Fast Page Mode Current 

-06 


70 

mA 

>CC4 

(RAS = V| L , CAS Cycling 

-07 


60 

mA 


@ tpc = Min 

-08 


50 

mA 



-10 


40 

mA 
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D.C. AND OPERATING CHARACTERISTICS (Continued) 
(Recommended Operating Conditions unless Otherwise Noted) 


Symbol 

Parameter 

Speed 

Min 

Max 

Units 

ICC5 

Standby Current 

(CMOS Power Supply Current) 



1 

mA 

ICC6 

CAS-before-RAS Refresh 

-06 


90 

mA 


Current (RAS and CAS Cycling 

-07 


80 

mA 


@ tRc = Min 

-08 


70 

mA 



-10 


60 

mA 

IlL 

Input Leakage Current 
(Any Input 0 < V|n < 6.5V 

All Other Pins = 0V) 


-10 

10 

jllA 

lOL 

Output Leakage Current 
(Data Out is Disabled 
and 0 < Vqut < 5.5V) 


-10 

10 

jliA 

VOH 

Output High Voltage Level 

Ooh = -5 mA) 


2.4 


V 

VOL 

Output Low Voltage Level 
(l 0 L = 4.2 mA) 



0.4 

V 


NOTE: 

ICC1 , ICC3, ICC4, and ICC6 are dependent on output loading and cycle rates. Specified values are obtained with the output 
open. Ice is specified as average current. 


A.C. CHARACTERISTICS (See Notes 1 , 2) 
(T a = 0°C to + 70°C, Vcc = 5V + 10%) 


Symbol 

Parameter 

21010-06 

21010-07 

21010-08 

21010-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tREF 

Time between 

Refresh 


8 


8 


8 


8 

ms 


*RC 

Random R/W 

Cycle Time 

110 


130 


160 


190 


ns 


tRWC 

RMW Cycle Time 

135 


155 


185 


220 


ns 


*RAC 

Access Time 
from RAS 


60 


70 


80 


100 

ns 

(Notes 4, 7) 

tCAC 

Access Time 
from CAS 


20 


20 


20 


25 

ns 

(Notes 5, 7) 

*AA 

Access Time from 
Column Address 


30 


35 


40 


50 

ns 

(Notes 6, 7) 

tCLZ 

CAS to Output in 

Low Z 

0 


0 


0 


0 


ns 


tOFF 

Output Buffer Turn- 
Off Delay Time 

0 

20 

0 

20 

0 

20 

0 

20 

ns 


t T 

Transition Time 

3 

50 

3 

50 

3 

50 

3 

50 

ns 
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A.C. CHARACTERISTICS (See Notes 1 , 2) 

(T a = 0°cto + 70°C, Vcc = 5V \+ 10%) (Continued) 


Symbol 

Parameter 

21010-06 

21010-07 

21010-08 

21010-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

*RP 

RAS Precharge 

Time 

40 


50 


70 


80 


ns 


tRAS 

RAS Pulse Width 

60 

10K 

70 

10K 

80 

10K 

100 

iok 

ns 


tRSH 

RAS Hold Time 

20 


20 


25 


25 


ns 


tCRP 

CAS to RAS 
Precharge Time 

5 


5 


5 


5 


ns 


tRCD 

RAS to CAS 

Delay Time 

20 

40 

20 

50 

25 

60 

25 

75 

ns 

(Notes 9, 1 0) 

tCAS 

CAS Pulse Width 

20 

10K 

20 

10K 

20 

10K 

25 

10K 

ns 


tCSH 

CAS Hold Time 

60 


70 


80 


100 


ns 


tCPN 

CAS Precharge 

Time 

10 


10 


15 


15 


ns 


*ASR 

Row Address 

Set-Up Time 

0 


0 


0 


0 


ns 


tRAH 

Row Address 

Hold Time 

10 


10 


15 


15 


ns 


*ASC 

Column Address 
Set-Up Time 

0 


0 


0 


0 


ns 


tCAH 

Column Address 

Hold Time 

15 


15 


20 


20 


ns 


*AR 

Column Address 

Time Referenced 
to RAS 

50 


55 


65 


75 


ns 


tRAD 

RAS to Column 
Address Delay Time 

15 

30 

15 

35 

20 

40 

20 

50 

ns 

(Note 11) 

*RAL 

Column Address to 
RAS Lead Time 

30 


35 


40 


50 


ns 


tRCS 

Read Command 
Set-Up Time 

0 


0 


0 


0 


ns 


*RRH 

Read Command 

Hold Time 
Referenced to RAS 

0 


0 


0 


0 


ns 

(Note 12) 

*RCH 

Read Command 

Hold Time 
Referenced to CAS 

0 


0 


0 


0 


ns 

(Note 12) 

twcs 

Write Command 
Set-Up Time 

0 


0 


0 


0 


ns 

(Note 1 3) 

twCH 

Write Command 

Hold Time 

15 


15 


20 


20 


ns 
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A.C. CHARACTERISTICS (See Notes 1 , 2) 

(T a = 0°C to +70°C, Vcc = 5V + 10%) (Continued) 


Symbol 

Parameter 

21010-06 

21010-07 

21010-08 

21010-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

t\/VCR 

Write Command 
Referenced to RAS 

50 


55 



60 


75 

ns 


t W p 

WE Pulse Width 

15 


15 


15 


20 


ns 


tRWL 

Write Command to 

RAS Lead Time 

20 


20 


25 


25 


ns 


*CWL 

Write Command to 

CAS Lead Time 

20 


20 


20 


25 


ns 


*DS 

Din Set-Up Time 

0 


0 


0 


0 


ns 


*DH 

Din Hold Time 

15 


15 


20 


20 


ns 


*DHR 

Data-In Hold Time 
Referenced to RAS 

50 


55 


60 


75 


ns 


tRWD 

RAS to WE Delay Time 

60 


70 


80 


100 


ns 

(Note 13) 

tcWD 

CAS to WE Delay Time 

20 


20 


20 


25 


ns 

(Note 13) 

tAWD 

Column Address to 

WE Delay Time 

30 


35 


40 


50 


ns 


tRPC 

RAS Precharge Time to 
CAS Active Time 

10 


10 


10 


10 


ns 


tcSR 

CAS Set-Up Time 
for CAS before 

RAS Refresh 

10 


10 


10 


10 


ns 


*CHR 

CAS Hold Time for CAS 
before RAS Refresh 

20 


20 


30 


30 


ns 


tCPT 

Refresh Counter Test 
CAS Precharge Time 

30 


35 


40 


50 


ns 
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A.C. CHARACTERISTICS (See Notes 1 , 2) 

(T a = 0°c to + 70°C, Vcc = 5V + 10%) (Continued) 


Symbol 

Parameter 

21010-06 

21010-07 

21010-08 

21010-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

FAST PAGE MODE 

tpc 

Fast Page Mode 
Cycle Time 

45 


45 


50 


60 


ns 


tpRWC 

Fast Page Mode 
RMW Cycle 

Time 

70 


70 


75 


90 


ns 


tCPA 

Access Time 
from CAS 
Precharge 


40 


40 


45 


55 

ns 

(Notes 7, 14) 

tcp 

Fast Page Mode 
CAS Precharge 
Time 

10 


10 

- 

10 


10 


ns 


tRASP 

RAS Pulse 

Width (Fast 

Page Mode) 

60 

100K 

70 

100K 

80 

100K 

100 

100K 

ns 



NOTES: 

1. An initial pause of 200 ju,s is required after power-up followed by any 8 RAS-only cycles before proper device operation is 
achieved. 

2. A.C. characteristics assume tj = 5 ns. 

3. V|n (min) and V||_ (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vih (min) and Vil (max). 

4. Assumes that tRCD ^ tRCD (max), tRAD ^ tp A o (max). If tRCD (or tRAD) is greater than the maximum recommended value 
shown in this table tp A c will be increased by the amount that tRCD (or Iraq) exceeds the value shown. 

5. If tRCD ^ tRCD (max), tRAD ^ tRAD (max), and t A sc ^ t AA - tc A c ~ *r access time is tcAC- 

6. If tRAD ^ tRAD (max) and tAsc ^ t AA “ ^ac - tf, access time is t AA - 

7. Measured with a load equivalent to two TTL loads and 100 pF. 

8. toFF is specified that output buffer changes to high impedance state. 

9. Operation within the tRCD (max) limit insures that tR A c (max) can be met. tRCD (max) is specified as a reference point 
only; if tRCD is greater than the specified tRCD (max) limit, access time is controlled exclusively by tcAc or t A A- 

10. tRCD (min) = tRAH (min) + 2 ty + tAsc (min). 

11. Operation within the tRAD (max) limit insures that tRAc (max) can be met. tRAD (max) is specified as a reference point 
only; if tRAD is greater than the specified tRAD (max) limit, access time is exclusively controlled by tcAC or tAA- 

1 2. Either tRRH or tRCH must be specified for a read cycle. 

13- twcs. tcwD> Irwd. and tAWD are non-restrictive operating parameters. They are included in the Data Sheet as Electrical 
Characteristics only. 

14- fcPA is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H”). 
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21010 OPERATION 


Device Operation 

The 21010 contains 1,048,576 memory locations. 
Twenty address bits are required to address a partic- 
ular memory location. Since the 21010 has only 10 
address input pins, time multiplexed addressing is 
used to input 10 row and 10 column addresses. The 
multiplexing is controlled by the timing relationship 
between the ro w add ress strobe (RAS), the column 
address strobe (CAS) and the valid row and column 
address inputs. 

Operation of the 21 010 b egins by str obing in a valid 
row address with RAS while CAS remains high. 
Then the address on the 10 address input pins is 
changed from a row addr ess to a column address 
and is strobed in by CAS. This is the beginning of 
any 21010 cycle in which a memory location is ac- 
cessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing 
relati onsh ips. T he cycle is terminated when both 
RAS and CAS have returned to the h igh state. An- 
other cycle can be initiate d afte r RAS remains high 
long enough to satisfy the RAS precharge time (tRp) 
requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are speci- 
fied by t R AS(min) and t CA S(min) respectively. These 
minimum pulse widths must be satisfied for proper 
device operation an d dat a integrity. Once a cycle is 
initiated by bringing RAS low, it must not be ab orted 
prior to satisfying the minimum RAS and CAS pulse 
widths. In addi tion, a new cycle must not begin until 
the minimum RAS precharge time, tRp, has been 
satisfied. Once a cycle begins, internal clocks and 
other circuits within the 21010 begin a complex se- 
quence of events. If the sequence is broken by vio- 
lating minimum timing requirements, loss of data in- 
tegrity can occur. 


Read 

A read cycle _is achieved by main t aining the write 
enable input (W) high during a RAS/CAS cycle. The 
access time is norma lly specified with respect to the 
falling edge of RAS. But the acce ss time also de- 
pends on the falling edge of CAS and on the valid 
column address transition. 

If CAS goes low before tRCD(max) and if the column 
address is valid before tR A D(max)» then the access 
ti me to valid data is specified oy tR A c(min)- However, 
if CAS goes low after tRCD(max) or it the column ad- 
dress becomes valid after tR A D(max)> the access 


time is specified by tc A c or t AA . In order to achieve 
the minimum access time, tR A Q( m j n ), it is necessary 
to meet both t RC D(max) and t RAD ( max ). 

Write 

The 21010 can perform early write, late write and 
read-modify-write cycles. The difference between 
these cycles is in the state of data-out and isdeter- 
mine d by the timing relationship between W and 
CAS. In any type of write cycle, Data -in m ust be valid 
at or before the falling edge of W or CAS, whichever 
is later. 

Early Write: An early write cycle is performed by 
bringing W low before CAS. The data at the data 
input pin (D) is written into the addressed memory 
cell. Throughout the early write cycle the output re- 
mains in the Hi-Z state. This cycle is good for com- 
mon I/O applications because the data-in and data- 
out pins may be tied together without bus conten- 
tion. 

Read-Modify-Write: In this cycle, valid data from the 
addressed cell appears at the output before and dur- 
ing the time that data is being written into the same 
cell locati on. T his cycle is achieved by bringing W 
low after CAS and meeting the data sheet read- 
modify-write cycle timing requirements. This cycle 
requires using a separate I/O to avoid bus conten- 
tion. 

Late Write: If W is brought low after CAS, a late write 
cycle will occur. The late write cycle is very similar to 
the read-modify-write cycle except that the timing 
parameters, tRWQ, tcwQ, and t A wD> are not neces- 
sarily met. The state of data-out is indeterminate 
since the output can be either Hi-Z or contain data 
depending on the timing conditions. This cycle re- 
quires a separate I/O to avoid bus contention. 


Data Output 

The 2101 0 has a tri-state outpu t buffer which is con- 
trolled by CAS. Whenever CAS is high (Vm) the out- 
put is in the high impedance (Hi-Z) state. In any cy- 
cle in which valid data appears at the output, the 
output goes into the low impedance sta te in a time 
specified by tci_z after the falling edge of CAS. Inval- 
id data may be present at the output during the time 
after tcLZ and before the valid data appears at the 
output. The timing parameters tc A c> tR A Q, and t AA 
specify when the valid data will be present at the 
outp ut. The valid data remains at the output until 
CAS returns high. This is true even if a new RAS 
cycle occurs (as in hidden refresh). Each of the 
21010 operating cycles is listed below after the cor- 
responding output state produced by the cycle. 
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Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
Read-Modify-Write. 

Hi-Z Output State: Early Writ e, RAS -only Refresh, 
Fast Page Mode Write, CAS-before-RAS Refresh, 
CAS-only Cycle. 

Indeterminate Output State: Delayed Write. 


Refresh 

The data in the 21010 is stored on a tiny capacitor 
within each memory cell. Due to leakage the data 
may leak off after a period of time. To maintain data 
integrity, it is necessary to refresh each of the rows 
every 8 ms. Either a burst refresh or distributed re- 
fresh may be used. There are several ways to ac- 
complish this. 

RAS-only Refresh: This is the most common method 
for performing refres h. It i s perfo rmed by strobing in 
a row address with RAS while CAS remains high. 
This cycle must be repeated for each of the 512 row 
addresses, (A0-A8). The state of address A9 is ig- 
nored during refresh. 

CAS-b efore -RAS Refresh: The 21010 has CAS- 
before-RAS on-chip refresh capability that elimi- 
nates the need for external refresh addresses. If 
CAS is held low for the specified setup time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on- 
chip refresh address counter, which is t hen in ternally 
incre mented in preparation for the next CAS-before- 
RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintainin g the latest valid data at the 
outpu t by extending the CAS active time and cycling 
RAS . The 2 1010 hidden refresh cycle is actually a 
CAS-before-RAS refresh cycle within an extended 
read cycle. The refresh row address is provided by 
the on-chip refresh address counter. 

Other Refresh Methods: It is also possible to refresh 
the 21010 by using read, write, or read-modify-write 
cycles. Whenever a row is accessed, all the cells in 
that row are automatically refreshed. There are cer- 
tain applications in which it might be advantageous 
to pe rform r efresh in thi s ma nner but in general 
RAS-only or CAS-before-RAS refresh is the pre- 
ferred method. 


CAS-before-RAS Refresh Counter 
Test Cycle 

A sp ecial timing sequence using the CAS-before- 
RAS refresh counter test cycle provides a conve- 
nient meth od of verifying the functionality of the 
CAS-before-RA S refr esh act ivate d circuitry. The cy- 
cle begin s as a CAS-before-RAS refresh operation. 
Then, if C AS is brought high and then low again 
while RAS is held low, the read and write operations 
are enabled. In this mode, the row address bits A0 
through A8 are supplied by the on-chip refresh coun- 
ter. The A9 bit is set high internally. 


Fast Page Mode 


The 21010 has Fast Page mode capability, which 
provides high speed read, write, or read-modify-write 
access to all memory cells within a selected row. 
These cycles may be mixed in any order. A fast page 
mode cycle begins with a normal cycle. The n, wh ile 
RAS is kept low to maintain the row address, CAS is 
cycled to strobe in additional column addresses. 
This eliminates the time required to set up and 
strobe sequential row addresses for the same page. 



Power-Up 

If RAS = Vss during power-up, the 21010 could be- 
gin an active cycle. This condition results in higher 
than necessary current demands from the power 
supp ly d uring power-up. It is recommended that 
RAS and CAS track with Vcc during power-up or be 
held at a valid V|h in order to minimize the power-up 
current. 

An initial pause of 200 jus is required after power-up, 
followed by 8 initialization cycles before proper de- 
vice operation is assured. Eight initialization cycles 
are also re quired after any 8 ms period in which 
there are no R AS cy cles. An initialization cycle is any 
cycle in which RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the 21010 
inputs act like unterminated transmission lines re- 
sulting in significant positive and negative over- 
shoots at the inputs. To minimize overshoot it is ad- 
visable to terminate the input lines and to keep them 
as short as possible. Although either series or 
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parallel termination may be used, series termination 
is generally recommended since it is simple and 
draws no additional power. It consists of a resistor in 
series with the input line placed close to the 21010 
input pin. The optimum value depends on the board 
layout. It must be determined experimentally and is 
ususally in the range of 2011 to 4011. 


Board Layout 

It is important to lay out the power and ground lines 
on memory boards in such a way that switching tran- 
sient effects are minimized. The recommended 
methods are gridded power and ground lines or sep- 
arate power and ground planes. The power and 
ground lines act like transmission lines to the high 
frequency transients generated by DRAMs. The im- 
pedance is minimized if all the power supply traces 
to all the DRAMs run both horizontally and vertically 
and are connected at each intersection, or better 
yet, if power and ground planes are used. 

Address and control lines should be as short as pos- 
sible to avoid skew. In boards with many DRAMs, 
these lines should fan out from a central point like a 
fork or comb, rather than being connected in a ser- 
pentine pattern. Also, the control logic should be 
centrally located on large memory boards to facili- 
tate the shortest possible address and control lines 
to all the DRAMs. 


Decoupling 

The importance of proper decoupling can not be 
over emphasized. Excessive transient noise or volt- 
age droop on the Vcc line can cause loss of data 
integrity (soft errors). It is recommended that the to- 
tal combined voltage changes over time in the Vcc 
to Vss voltage (measured at the device pins) should 
not exceed 500 mV. 

A high frequency 0.3 ju,F ceramic decoupling capaci- 
tor should be connected between the Vcc and 
ground pins of each 21010 using the shortest possi- 
ble traces. These capacitors act as a low impedance 
shunt for the high frequency switching transients 
generated by the 21010, and they supply much of 
the current used by the 21010 during cycling. 

In addition, a large tantalum capacitor with a value of 
47 ju,F to 100 ju,F should be used for bulk decoupling 
to recharge the 0.3 ju,F capacitors between cycles, 
thereby reducing power line droop. The bulk decou- 
pling capacitor should be placed near the point 
where the power traces meet the power grid or pow- 
er plane. Even better results may be achieved by 
distributing more than one tantalum capacitor 
around the memory array. 
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262,144 x 4-BIT DYNAMIC RAM WITH PAGE MODE 


Performance Range: 



tRAC 

tcAC 

tRC 

21014-06 

60 ns 

15 ns 

120 ns 

21014-07 

70 ns 

20 ns 

130 ns 

21014-08 

80 ns 

20 ns 

160 ns 

21014-10 

100 ns 

25 ns 

190 ns 


■ Fast Page Mode Operation ■ Single 5V + 10% Power Supply 

■ CAS before RAS refresh capability ■ 512 Cycles/8 ms Refresh 

■ Common I/O Using “Early Write” ■ Available in Plastic DIP, SOJ and ZIP 

Packages 

Intel 21014 is a CMOS high speed 262,144 x 4 dynamic RAM optimized for high performance applications 
such as mainframes, graphics and microprocessor systems. 

21014 features Fast Page Mode operation which allows high speed random access of memory cells within the 
same row. 

CAS before RAS refresh capability provides on-chip auto refresh as an alternative to RAS only refresh. All 
Inputs, Outputs and Clocks are fully CMOS and TTL compatible. 


Functional Block Diagram 



240512-1 


Pin Configurations 


Pin Name 

Pin Function 

Aq-Aq 

Address Inputs 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

W 

Read/Write Input 

OE 

Data Output Enable 

DQ 1 -DQ 4 

Data In/ Data Out 

Vec 

Power ( + 5V) 

Vss 

Ground 

N.C. 

No Connection 

N.L. 

No Lead 


DIP 


DQ1 

DQ2 

W 

RAS 

N.C. 

AO 

A1 

A2 

A3 

V C C 


240512-2 



SOJ 


DQ1 
DQ2 
W 
RAS 
N.C. 

A0 
A1 
A2 
A3 
V CC 

240512-3 
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ABSOLUTE MAXIMUM RATINGS* 


Voltage on Any Pin Relative 

to V SS (V|n, Vqut) - 1 V to + 7.0V 

Voltage on Power Supply 

Relative to V$s (Vcc) - 1 V to + 7.0 V 

Storage Temperature (T s tg) -55°C to + 1 50°C 

Power Dissipation (PD) 600 mW 

Short Circuit Output Current (Iqs) 50 mA 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 

Voltage referenced to Vss. T/\ = 0°C to 70°C 


Symbol 

Parameter 

Min 

Typ 

Max 

Unit 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.4 

— 

Vcc + 1 

V 

V|L 

Input Low Voltage 

-1.0 

— 

0.8 

V 


NOTES: 

1. V|l (min) = 1.0V for continuous DC level. 

2. V||_ (min) = 2.0V for pulse width < 20 ns. 


CAPACITANCE T A = 25°C 


Symbol 

Parameter 

Min 

Max 

Unit 

C|N1 

Input Capacitance (Aq- Aq) 

— 

6 

PF 

C IN2 

Input Capacitance (RAS, CAS, W, OE) 

— 

7 

PF 

C OUT 

Output Capacitance (DQi -DQ4) 

— 

7 

PF 


D.C. AND OPERATING CHARACTERISTICS 

Recommended operating conditions unless otherwise noted 


Symbol 

Parameter 

Speed 

Min 

Max 

Units 

Icci 

Operating Current 

-06 

— 

90 

mA 


(RAS and CAS Cycling @ tRc = Min) 

-07 

— 

80 

mA 



-08 

— 

70 

mA 



-10 

— ' 

60 

mA 

ICC2 

Standby Current 

(TTL Power Supply Current) 


— 

2 

mA 

>CC3 

RAS Only Refresh Current 

-06 

— 

90 

M||IH 


(CAS = V|h, RAS Cycling @ tRc = Min) 

-07 

— 

80 




-08 

— 

70 




-10 

— 

60 


>CC4 

Fast Page Mode Current 

-06 

— 

75 



(RAS = V||_, CAS Cycling @tpc = Min) 

-07 

— 

65 




-08 

— 

55 




-10 

— 

45 


•CC5 

Standby Current 

(CMOS Power Supply Current) 



1 

mA 
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D.C. AND OPERATING CHARACTERISTICS (Continued) 
Recommended operating conditions unless otherwise noted 


Symbol 

Parameter 

Speed 

Min 

Max 

Units 

ICC6 

CAS-before-RAS Refresh Current 

-06 

— 

90 

mA 


(RAS and CAS Cycling @ tRc = Min) 

-07 

— 

80 

mA 



-08 

— 

70 

mA 



-10 

— 

60 

mA 

IlL 

Input Leakage Current 
(Any Input 0 ^ V| N ^ 6.5V 

All Other Pins = 0V) 


-10 

10 

jllA 

lOL 

Output Leakage Current 
(Data Out is Disabled and 

0 <; Vqut £ 5.5V) 


-10 

10 

jllA 

VOH 

Output High Voltage Level 

Ooh = -5 mA) 


2.4 

— 

V 

VOL 

Output Low Voltage Level 
(Iql = 4.2 mA) 


— 

0.4 

V 


NOTE: 

loci . Icc3> Icc4 an d lcC6 are dependent on output loading and cycle rates. Specified values are obtained with the output 
open. Ice is specified as average current. 


A.C. CHARACTERISTICS*^) 

T a = 0°C to 70°C, Vcc = 5V ±10% 


Symbol 

Parameter 

21014-06 

21014-07 

21014-08 

21014-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

*REF 

Time between Refresh 


8 


8 


8 


8 

ms 


*RC 

Random R/W Cycle Time 

110 


130 


150 


180 


ns 


tRWC 

RMW Cycle Time 

165 


185 


205 


245 


ns 


tRAC 

Access Time from RAS 


60 


70 


80 


100 

ns 

4,7 

tCAC 

Access Time from CAS 


20 


20 


20 


25 

ns 

5,7 

*AA 

Access Time from 

Column Address 


30 


35 


40 


50 

ns 

6,7 

*CLZ 

CAS to Output in Low Z 

0 


0 


0 


0 


ns 


tOFF 

Output Buffer Turn-Off 

Delay Time 

0 

20 

0 

20 

0 

20 

0 

20 

ns 


tT 

Transition Time 

3 

50 

3 

50 

3 

50 

3 

50 

ns 


tRP 

RAS Precharge Time 

40 


50 


60 


70 


ns 


*RAS 

RAS Pulse Width 

60 

10K 

70 

10K 

80 

10K 

100 

10K 

ns 


tRSH 

RAS Hold Time 

20 


20 


20 


25 


ns 


*CRP 

CAS to RAS 

Precharge Time 

5 


5 


5 


5 


ns 


*RCD 

RAS to CAS Delay Time 

20 

40 

20 

50 

25 

60 

25 

75 

ns 

9, 10 

^CAS 

CAS Pulse Width 

20 

10K 

20 

10K 

20 

10K 

25 

10K 

ns 


tcSH 

CAS Hold Time 

60 


70 


80 


100 


ns 
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A.C. CHARACTERISTICS* 1 - 2 ) (Continued) 
T a = 0°C to 70°C, Vqc = 5V ±10% 


Symbol 

Parameter 

21014-06 

21014-07 

21014-08 

21014-10 

Units 

Notes 

Min 

Max 





BO 


*CPN 

CAS Precharge Time 

10 


m 


ua 


m 

HI 



USR 

Row Address Set-Up Time 

0 


0 


0 


0 

HI 

m 


tRAH 

Row Address Hold Time 

10 




E3 

im§| 

Q 


■ 


USC 

Column Address 

Set-Up Time 

0 



■ 

B 

■ 

B 

B 

m 


tCAH 

Column Address 

Hold Time 

15 


15 


20 


20 


ns 


Ur 

Column Address Time 
Referenced to RAS 

50 


55 


65 


75 


ns 


*rad 

RAS to Column Address 
Delay Time 

15 

30 

15 

35 

20 

40 

20 

50 

ns 

11 

*RAL 

Column Address to 

RAS Lead Time 

30 


35 


40 


50 


ns 


tRCS 

Read Command 

Set-Up Time 

0 


" 

0 


0 


0 


ns 


*RRH 

Read Command Hold 

Time Referenced to RAS 

0 


0 


0 


0 


ns 

12 

tRCH 

Read Command Hold 

Time Referenced to CAS 

0 


0 


0 


0 


ns 

12 

twcs 

Write Command 

Set-Up Time 

0 


0 


0 


0 


ns 

13 

twCH 

Write Command 

Hold Time 

15 


15 


15 


20 


ns 


%CR 

Write Command Hold 

Time Referenced to RAS 

50 


55 


65 


75 


ns 


t W p 

WE Pulse Width 

15 


15 


20 


20 


ns 


tRWL 

. Write Command to 

RAS Lead Time 

20 


20 


20 


25 


ns 


tCWL 

Write Command to 

CAS Lead Time 

20 


20 


20 


25 


ns 


tDS 

Din Set-Up Time 

0 


0 


0 


0 


ns 


tDH 

Din Hold Time 

15 


15 


20 


20 


ns 


tDHR 

Data-In Hold Time 
Referenced to RAS 

50 


55 




75 




tRWD 

RAS to WE Delay Time 

80 


100 


110 







CAS to WE Delay Time 






Hi 

Etl 


IBwiSi 

3 


Column Address to 

WE Delay Time 


■ 


■ 


■ 

| 

B 

H 



RAS Precharge Time to 

CAS Active Time 


■ 


■ 


■ 

IB 

B 

H 

1 


CAS Set-Up Time for CAS 
before RAS Refresh 


■ 


■ 


■ 


B 

H 
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A.C. CHARACTERISTICS^- 2 ) (Continued) 
T a = 0°C to 70°C, Vcc = 5V ±10% 


Symbol 

Parameter 

21014-06 

21014-07 

21014-08 

21014-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tCHR 

CAS Hold Time for CAS 
before RAS Refresh 

20 


20 


25 


30 


ns 


tCPT 

Refresh Counter Test CAS 
Precharge Time 

30 


35 


40 


50 


ns 


*ROH 

RAS Hold Time 

Referenced to OE 

10 


20 


20 


20 


ns 


tOEA 

OE Access Time 


15 


20 


20 


25 

ns 


*OED 

OE to Data Delay 

15 


20 


20 


25 


ns 


*OEZ 

Output Buffer Turn Off 

Delay Time from OE 

0 

15 

0 

20 

0 

20 

0 

25 

ns 


tOEH 

OE Command Hold Time 

15 


20 


20 


25 


ns 



FAST PAGE MODE 


Symbol 

Parameter 

21014-06 

21014-07 

21014-08 

21014-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tpc 

Fast Page Mode 

Cycle Time 

45 


45 


50 


60 


ns 


tpRWC 

Fast Page Mode RMW 
Cycle Time 

75 


100 


105 


125 


ns 


*CPA 

Access Time from CAS 
Precharge 


40 


45 


45 


55 

ns 

7, 14 

tcp 

Fast Page Mode CAS 
Precharge Time 

10 


10 


10 


10 


ns 


tRASP 

RAS Pulse Width 
(Fast Page Mode) 

60 

100K 

70 

100K 

80 

100K 

100 

100K 

ns 



NOTES: 

1 . An initial pause of 200 jlls is required after power-up followed by any 8 RAS-only cycles before proper device operation is 
achieved. 

2. A.C. characteristics assume tj = 5 ns. 

3. Vih (min) and Vil (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vih (min) and V|l (max). 

4. Assumes that tRCD ^ tpQD (max), t RA o ^ t RA D (max). If tpQD (or t RA D) is greater than the maximum recommended value 
shown in this table t RA c will be increased by the amount that tRCD (or t RA D) exceeds the value shown. 

5. If t RC D ^ t RCD (max), t RA D ^ t RAD (max), and t AS c ^ t AA - t CA c - t T , access time is t CA o 

6. If t RAD ^ t RAD (max) and t AS c ^ t AA - t CA c - t T , access time is t AA . 

7. Measured with a load equivalent to two TTL loads and 1 00 pF. 

8. toFF is specified that output buffer changes to high impedance state. 

9. Operation within the tRCD (max) limit insures that t RA c (max) can be met. t R cD (max) is specified as a reference point 

only; if tRCD is greater than the specified t R cD (max) limit, access time is controlled exclusively by tcAC or t AA . 

10. tRCD (min) = tR AH (min) + 2tj + t A sc (min). 

1 1 . Operation within the t RA D (max) limit insures that t RA c (max) can be met. t RA D (max) is specified as a reference point 
only; if t RA D is greater than the specified t RA D (max) limit, access time is exclusively controlled by tc A c ° r t AA - 

12. Either t RR R or t R cH must be specified for a read cycle. 

13. twcs. tcwD. tRWD. and t A wD are non restrictive operating parameters. They are included in the Data Sheet as Electrical 
characteristics only. 

14. tcpA is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H”). 
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21014 OPERATION 


Device Operation 

The 21014 contains 1,048,576 memory locations or- 
ganized as 262,144 four-bit words. Eighteen address 
bits are required to address a particular 4-bit word in 
the memory array. Since the 21014 has only 9 ad- 
dress input pins, time multiplexed addressing is used 
to input 9 row and 9 column addresses. The multi- 
plexing is controlled by the ti ming relationship be- 
tween the row addr ess strobe (RAS), the column ad- 
dress strobe (CAS) and the valid address inputs. 

Operation of the 21 014 b egins by str obing in a valid 
row address with RAS while CAS remains high. 
Then the address on the 9 address input pins is 
changed from a row addr ess to a column address 
and is strobed in by CAS. This is the beginning of 
any 21014 cycle in which a memory location is ac- 
cessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing 
relati onsh ips. The cycle is terminated when both 
RAS and CAS have returned to t he h igh state. An- 
other cycle can be initiate d afte r RAS remains high 
long enough to satisfy the RAS precharge time (tRp) 
requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are speci- 
fied by tRAs (min) and tcAS (min) respectively. These 
minimum pulse widths must be satisfied for proper 
device operation an d dat a integrity. Once a cycle is 
initiated by,bringing RAS low, it must not be ab orted 
prior to satisfying the minimum RAS and CAS pulse 
widths. In addi tion, a new cycle must not begin until 
the minimum RAS precharge time, tRp, has been 
satisfied. Once a cycle begins, internal clocks and 
other circuits within the 21014 begin a complex se- 
quence of events. If the sequence is broken by vio- 
lating minimum timing requirements, loss of data in- 
tegrity can occur. 


Read 

A read cycle _is achieved by main t aining the write 
enable input (W) high during a RAS/CAS cycle. The 
access time is norma lly specified with respect to the 
falling edge of RAS. But the acce ss time also de- 
pends on the falling edge of CAS and on the valid 
column address transition. 

If CAS goes low before tRCD (max) and if the column 
address is valid before tRAD (max) then the access 
time to va lid data is specified by tRAc (min). Howev- 
er, if CAS goes low after tRCD (max) or if the column 


address becomes valid after tRAD (max), access is 
specified by tcAC or *AA- |n order to achieve the mini- 
mum access time, tRAc (min), it is necessary to meet 
both t R cD (max) and t RA D (max). 

The 21014 has common data I/O pins. For this rea- 
son an output enable control input (OE) has been 
provided so the output buffer can be precisely con- 
trolled. For data to appear at the outputs, OE must 
be low for the period of time defined by toEA and 
tOEZ- 


Write 

The 21014 can perform early write and read-modify- 
write cycles. The difference between these cycles is 
in the state of data-out and is determ ined by the 
timing relationship between W, OE and CAS. In any 
type of write cycle data-i n mu st be valid at or before 
the falling edge of W or CAS, whichever is later. 

Early Write: An early write cycle is performed by 
bringing W low before CAS. The 4-bit wide data at 
the data input pins is written into the addressed 
memory cells. Throughout the early write cycle the 
outputs remain in the Hi-Z state. In the early write 
cycle the output buffers remain in the Hi-Z state re- 
gardless of the state of the OE input. 

Read-Modi fy- Write: In this cycle, valid data from the 
addressed cells appears at the outputs before and 
during the time that data is being written into the 
same_cell locatio ns. T his cycle is achieved by bring- 
ing W low after CAS and meeting the data sheet 
read-modify-write timing requirements. This output 
enable input (OE) must be low during the time de- 
fined by toEA and toEZ for data to appear at the 
outputs. If tcwD and tRWD are not met the output 
may contain invalid data. Conforming to the OE tim- 
ing requirements prevents bus contention on the 
21014 DQ pins. 


Data Output 

The 21014 h as t ri-state output buffers whic h are 
controlled by CAS and OE. When either CAS or OE 
is high (Vm) the outputs are in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears 
at the output the output goes into the low impedance 
st ate in a time specified by tci_z after the falling edge 
of CAS. Invalid data may be present at the output 
during the time after tci_z and before the valid data 
appears at the output. The timing parameters tcAC. 
tRAC and tAA specify when the valid data wi ll be 
present at the output. This is true even if a new RAS 
cycle occurs (as in hidden refresh). Each of the 
21014 operating cycles is listed below after the cor- 
responding output state produced by the cycle. 


21014 
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Valid Output Data: Read, Read-Modify-Write, Hidden 
Refresh, Fast Page Mode Read, Fast Page Mode 
Read-Modify-Write. 

Hi-Z Output State: Earl y Wr ite, RAS-only Refresh, 
Fast Page Mode Write, CAS-only cycle. 

Indeterminate Output State: Delayed Write (tcwD or 
tRWD are not met). 


Refresh 

The data in the 21014 is stored on a tiny capacitor 
within each memory cell. Due to leakage the data 
may leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows 
every 8 ms. Either a burst refresh or distributed re- 
fresh may be used. There are several ways to ac- 
complish this. 

RAS-Only Refresh: This is the most common meth- 
od for performing refr esh. It is pe rform ed by strobing 
in a row address with RAS while CAS remains high. 
This cycle must be repeated for each of the 51 2 row 
addresses, (Aq-As). 

CAS -befo re-RAS Refresh: The 21014 has CAS-be- 
fore-RAS on-chip refresh capability that eli minat es 
the need for external refresh addresses. If CAS is 
held low for the specified set up time (tcsR) before 
RAS goes low, the on-chip refresh circuitry is en- 
abled. An internal refresh operation automatically 
occurs. The refresh address is supplied by the on- 
chip refresh address counter which is t hen in ternally 
incre mented in preparation for the next CAS-before- 
RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be per- 
formed while maintainin g the latest valid data at the 
outpu t by extending the CAS active time and cycling 
RAS . The 2 1014 hidden refresh cycle is actually a 
CAS-before-RAS refresh cycle within an extended 
read cycle. The refresh row address is provided by 
the on-chip refresh address counter. 

Other Refresh Methods: It is also possible to refresh 
the 21014 by using read, write or read-modify-write 
cycles. Whenever a row is accessed, all the cells in 
that row are automatically refreshed. There are cer- 
tain applications in which it might be advantageous 
to pe rform r efresh in thi s ma nner but in general 
RAS-only or CAS-before-RAS refresh is the pre- 
ferred method. 


CAS-before-RAS Refresh Counter 
Test Cycle 

A sp ecial timing sequence using the CAS-before- 
RAS refresh counter test cycle provides a conve- 
nient meth od of verifying the functionality of the 
CAS-before-RA S refr esh act ivate d circuitry. The cy- 
cle begin s as a CAS-before-RAS refresh operation. 
Then, if C AS is brought high and then low again 
while RAS is held low, the read and write operations 
are enabled. In this mode, the row address bits A 0 
through Aq are supplied by the on-chip refresh coun- 
ter. 


Fast Page Mode 

Fast page mode provides high speed read, write or 
read-modify-write access to all memory cells within a 
selected row. These cycles may be mixed in any 
order. A fast page mode cycle begins with a normal 
cycle. Then, while RAS is kept low to maintain the 
row address, CAS is cycled to strobe in additional 
column addresses. This eliminates the time required 
to set up and strobe sequential row addresses for 
the same page. 


Power-Up 

If RAS = Vss during power-up, the 21014 could be- 
gin an active cycle. This condition results in higher 
than necessary current demands from the power 
supp ly d uring power-up. It is recommended that 
RAS and CAS track with Vcc during power-up or be 
held at a valid Vih in order to minimize the power-up 
current. 

An initial pause of 200 jus is required after power-up 
followed by 8 initialization cycles before proper de- 
vice operation is assured. Eight initialization cycles 
are also re quired after any 8 ms period in which 
there are no R AS cy cles. An initialization cycle is any 
cycle in which RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the 21014 
inputs act like unterminated transmission lines re- 
sulting in significant positive and negative over- 
shoots at the inputs. To minimize overshoot it is ad- 
visable to terminate the input lines and to keep them 
as short as possible. Although either series or paral- 
lel termination may be used, series termination is 
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generally recommended since it is simple and draws 
no additional power. It consists of a resistor in series 
with the input line placed close to the 21014 input 
pin. The optimum value depends on the board lay- 
out. It must be determined experimentally and is 
usually in the range of 20f l to 40H. 


Board Layout 

It is important to lay out the power and ground lines 
on memory boards in such a way that switching tran- 
sient effects are minimized. The recommended 
methods are gridded power and ground lines or sep- 
arate power and ground planes. The power and 
ground lines act like transmission lines to the high 
frequency transients generated by DRAMs. The im- 
pedance is minimized if all the power supply traces 
to all the DRAMs run both horizontally and vertically 
and are connected at each intersection or better yet 
if power and ground planes are used. 

Address and control lines should be as short as pos- 
sible to avoid skew. In boards with many DRAMs 
these lines should fan out from a central point like a 
fork or comb rather than being connected in a ser- 
pentine pattern. Also the control logic should be 
centrally located on large memory boards to facili- 
tate the shortest possible address and control lines 
to all the DRAMs. 


Decoupling 

The importance of proper decoupling can not be 
overemphasized. Excessive transient noise or volt- 
age droop on the Vcc line can cause loss of data 
integrity (soft errors). It is recommended that the to- 
tal combined voltage changes over time in the Vqq 
to Vss voltage (measured at the device pins) should 
not exceed 500 mV. 

A high frequency 0.3 ju-F ceramic decoupling capaci- 
tor should be connected between the Vcc and 
ground pins of each 21014 using the shortest possi- 
ble traces. These capacitors act as a low impedance 
shunt for the high frequency switching transients 
generated by the 21014 and they supply much of the 
current used by the 21014 during cycling. 

In addition, a large tantalum capacitor with a value of 
47 jxF to 100 ju,F should be used for bulk decoupling 
to recharge the 0.3 juF capacitors between cycles, 
thereby reducing power line droop. The bulk decou- 
pling capacitor should be placed near the point 
where the power traces meet the power grid or pow- 
er plane. Even better results may be achieved by 
distributing more than one tantalum capacitor 
around the memory array. 


PACKAGE DIMENSIONS 


20-LEAD PLASTIC DUAL-IN-LINE PACKAGE Units: Inches (millimeters) 




inter 


PACKAGE DIMENSIONS (Continued) 
20-LEAD PLASTIC SMALL OUTLINE J-LEAD Unit 



i: Inches (millimeters) 





0.023 (0.58) 
0.033(0.84) 


240512-18 


Units: Inches (millimeters) 



3-68 





21040 

4,194,304 x 1-BIT DYNAMIC RAM 
WITH PAGE MODE 



■ Performance Range 



21040-08 

21040-10 

21040-12 

Units 

tRAC 

80 

100 

120 

ns 

»CAC 

20 

25 

30 

ns 

tRC 

160 

190 

220 

ns 


■ Fast Page Mode Operation 

n Common I/O Using “Early Write” 
Operation 

■ 1024 Cycles/ 16mS Refresh 

GENERAL INFORMATION 


■ CAS before RAS refresh, RAS-only 
Refresh, Hidden Refresh and Test 
Mode Capability 

■ Single 5V ± 10% Power Supply 

■ Available in Plastic SOJ and ZIP 
package types 


Intel 21040 is a CMOS high speed 4,194,304 x 1-bit dynamic RAM optimized for high performance applica- 
tions such as mainframes, graphics and microprocessor systems. 

21040 features Fast Page Mode operation which allow high speed random access of memory cells within the 
same row. 

CAS before RAS refresh capability provides on-chip auto refresh as an alternative to RAS only refresh. All 
Inputs, Output and clocks are fully CMOS and TTL compatible. 

Multiplexed address inputs permit the 21040 device to be packaged in a standard 20/26 pin plastic SOJ and 
20 pin plastic ZIP. 


Functional Block Diagram 



240810-1 


Pin Configuration 

Plastic SOJ Plastic ZIP 


T21040 


Z21040 




Pin Name 

Pin Function 

A 0 -Aio 

Address Inputs 

D 

Data In 

Q 

Data Out 

W 

Read/Write Input 

RAS 

Row Address Strobe 

CAS 

Column Address Strobe 

Vcc 

Power ( + 5V) 

Vss 

Ground 

N.C. 

No connection 
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ABSOLUTE MAXIMUM RATINGS* 


SYMBOL 

PARAMETER 

VALUE 

UNITS 

Vjn> V ou t 

Voltage on any pin relative to Vss 

-1 to +7.0 

V 

Vcc 

Voltage on power supply relative to Vss 

-1 to +7.0 

V 

Tstg 

Storage Temperature 

-55 to +150 

°c 

Topr 

Operating Temperature 

Oto 70 

°c 

Pd 

Power Dissipation 

600 

mW 

los 

Short Circuit Output Current 

50 

mA 


"Permanent damage may occur if “ABSOLUTE MAXIMUM RATINGS” are exceeded. Functional Operation should be re- 
stricted to the conditions as defined in the operational sections of the Data Sheet. Exposure to absolute maximum rating 
conditions for extended periods may affect device reliability. 


RECOMMENDED DC OPERATING CONDITIONS (Voltage referenced to Vss, Ta = 0°C to 70°C) 


SYMBOL 

PARAMETER 

MIN 

TYP 

MAX 

UNIT 

VCC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

vss 

Ground 

0 

0 

0 

V 

VIH 

Input High Voltage 

2.4 

- 

6.5 

V 

VIL 

Input Low Voltage 

—1.0 

- 

0.8 

V 


CAPACITANCE (Ta = 25°C) 


SYMBOL 

PARAMETER 

MIN 

MAX 

UNIT 

Cinl 

Input Capacitance (A0 - A10, Din) 

- 

5 

pF 

Cin2 

Input Capacitance (RAS, CAS, WRITE) 

- 

7 

PF 

Cout 

Output Capacitance (Dout) 

- 

7 

PF 


DC AND OPERATING CHARACTERISTICS (Recommended operating conditions unless otherwise noted) 


SYMBOL 

PARAMETER 

SPEED 

MIN 

MAX 

UNIT 

ICC1 

Operating Current* 

-08 


100 

mA 


(RAS and CAS cycling @ *RC = min) 

-10 


85 

mA 



-12 

- 

70 

mA 

ICC2 

Standby Current 

(TTL Power Supply Current) 


_ 

2 

mA 

ICC3 

RAS Only Refresh Current* 

-08 

- 

100 

mA 


(CAS = VIH, RAS Cycling @ IRC = min) 

-10 

- 

85 

mA 



-12 

- 

70 

mA 

ICC4 

Fast Page Mode Current* 

-08 

- 

60 

mA 


(RAS = VIL, CAS Cycling @ tPC = min) 

-10 

- 

50 

mA 



-12 

- 

40 

mA 

ICC5 

Standby Current 

(CMOS Power Supply Current) 


_ 

1 

mA 

ICC6 

CAS-before-RAS Refresh Current* 

-08 

- 

100 

mA 


(RAS and CAS Cycling @ *RC = min) 

-10 

- 

85 

mA 



-12 

- 

70 

mA 
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DC AND OPERATING CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) (Continued) 


SYMBOL 

PARAMETER 

SPEED 

MIN 

MAX 

UNIT 

ICC7 

Standby Current 

(RAS = VIH, CAS = VIL, DOUT= Enable) 

_ 

_ 

5 

mA 

ML 

Input Leakage Current 
(Any Input 0 ^ Vin ^ 6.5 Volts 
all other Pins = 0 Volts) 

— 

-10 

10 

uA 

IOL 

Output Leakage Current 
(Data out is disabled and 

0 <; Vout <; 5.5 V) 

— 

-10 

10 

uA 

VOH 

Output High Voltage Level 
(IOH = -5mA) 

- 

2.4 

- 

V 

VOL 

Output Low Voltage Level 
(IOL = 4.2 mA) 

- 

- 

0.4 

V 


*Note: 

ICC1, ICC3, ICC4 and ICC6 are dependant on output loading and cycle rates. Specified values are obtained with the output 
open. ICC is specified as average current. 

AC CHARACTERISTICS (See Notes 1 , 2) (Ta = 0°C to 70°, VCC = 5V ± 10%) 


SYMBOL 

PARAMETER 

21040-08 

21040-10 

21040-12 

UNITS 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

tREF 

Time between Refresh 







ms 


•RC 

Random R/W Cycle Time 









•RWC 

RMW Cycle Time 









‘RAC 

Access Time From RAS 




mi 




mm 

•CAC 

Access Time From CAS 




■ 




mm 

‘AA 

Access Time From Column Address 




El 





*CLZ 

CAS to Output in low Z 

5 


5 


5 


ns 

3 

•OFF 

Output Buffer Turn-Off Delay Time 

0 

■a 

0 




ns 

6 

tT 

Transition Time 



3 

50 

3 

50 

ns 

2 

•RP 

RAS Precharge Time 

60 


70 







RAS Pulse Width 

80 

10K 







‘RSH 

RAS Hold Time 

20 


25 


30 


ns 


•CRP 

CAS to RAS Precharge Time 

5 


10 


10 


ns 


•RCD 

RAS to CAS Delay Time 

20 

60 

25 

75 

25 

90 

ns 

4,5 

tCAS 

CAS Pulse Width 

20 

10K 

25 

10K 

30 

10K 

ns 


•CSH 

CAS Hold Time 

80 


100 


120 


ns 


•CPN 

CAS Precharge Time 

35 


40 


45 


ns 


•ASR 

Row Address Set-up Time 

0 


0 


0 


ns 


•RAH 

Row Address Hold Time 

10 


15 


20 


ns 


•ASC 

Column Address Set-up Time 

0 


0 


0 


ns 


•CAH 

Column Address Hold Time 

15 


20 


25 


ns 


•AR 

Column Address Time referenced to RAS 

60 


75 


90 


ns 
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AC CHARACTERISTICS (See Notes 1, 2) (Ta - 0°C to 70°, VCC = 5V ± 10%) (Continued) 


SYMBOL 

PARAMETER 

21040-08 

21040-10 

21040-12 

UNITS 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

‘RAD 

RAS to Column Address Delay Time 

15 

40 

20 

50 

25 

60 

ns 

10 

‘RAL 

Column Address to RAS Lead Time 

40 


50 


60 


ns 


‘RCS 

Read Command Set-Up Time 

0 


0 


0 


ns 


‘RRH 

Read Command Hold Time referenced to 
RAS 

0 


0 


0 


ns 

8 

tRCH 

Read Command Hold Time referenced to 
CAS 

0 


0 


0 


ns 

8 

wcs 

Write Command Set-Up Time 

0 


0 


0 



7 

*WCH 

Write Command Hold Time 

15 








<WCR 

Write Command Hold referenced to RAS 

60 









Write Command Pulse Width 

15 








*RWL 

Write Command to RAS Lead Time 

20 




30 




‘CWL 

Write Command to CAS Lead Time 

20 




30 




‘DS 

Data Set-up Time 

0 




0 


mm 

9 

‘DH 

Data Hold Time 

15 







9 

‘DHR 

Data-In Hold Time referenced to RAS 









‘RWD 

RAS to WRITE Delay Time 







ns 

7 

'CWD 

CAS to WRITE Delay Time 

20 


25 


30 


ns 

7 

•AWD 

Column Address to WRITE Delay Time 

40 


50 


60 


ns 

7 

‘RPC 

RAS Precharge Time to CAS Active Time 

0 


0 


0 


ns 


‘CSR 

CAS Set-up Time for CAS before RAS 
refresh 

10 


10 


10 


ns 


‘CHR 

CAS Hold Time for CAS before RAS 
refresh 

30 


30 


30 


ns 


‘CPT 

CAS Precharge Time (Refresh Counter 

Test) 

40 


50 


60 


ns 


«WTS 

Write Command Set-up Time (Test Mode 
in) 

10 


10 


10 


ns 


‘WTH 

Write Command Hold Time (Test Mode in) 

10 


10 


10 


ns 


‘WRP 

WRITE to RAS Precharge Time (CAS 
before RAS Cycle) 

10 


10 


10 


ns 


‘WRH 

WRITE to RAS Hold Time (CAS before 

RAS Cycle) 

10 


10 


10 


ns 
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AC CHARACTERISTICS (FAST PAGE MODE) 

(See Notes 1, 2) (Ta = 0°C to 70°, VCC = 5V ± 10%) (Continued) 


SYMBOL 

PARAMETER 

21040-08 

21040-10 

21040-12 

UNITS 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

tpc 

Fast Page Mode Cycle Time 

55 


60 


70 


ns 


tpRWC 

Fast Page Mode RMW Cycle Time 

80 


90 


105 


ns 


‘CPA 

Access Time from CAS Precharge 


50 


55 


60 

ns 


•CP 

Fast Page Mode CAS Precharge Time 

10 


10 


15 


ns 


‘RASP 

RAS Pulse Width (Fast Page Mode) 

80 

200K 

100 

200K 

120 

200K 

ns 



AC CHARACTERISTICS (TEST MODE) (Ta = 0°C to 70°, VCC = 5V ± 10%) 


SYMBOL 

PARAMETER 

(Note 11) 


21040-08 

21040-10 

21040-12 

UNITS 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Random R/W Cycle Time 

155 


185 


, 225 


ns 


•RWC 

RMW Cycle Time 

180 


215 


260 


ns 


•PC 

Fast Page Mode Cycle Time 

60 


65 


75 


ns 


PRWC 

Fast Page Mode RMW Cycle Time 

85 


95 


110 


ns 


‘RAC 

Access Time From RAS 


85 


105 


125 

ns 

3,4 

‘CAC 

Access Time From CAS 


25 


30 


35 

ns 

3,4 

‘AA 

Access Time From Column Address 


45 


55 


65 

ns 

3, 10 

‘CPA 

Access Time From CAS 


55 


60 


65 

ns 


‘RASP 

RAS Pulse Width (Fast Page Mode) 

85 

200K 

105 

200K 

125 

200K 

ns 


'RAS 

RAS Pulse Width 

85 

10K 

105 

10K 

125 

10K 

ns 


‘RSH 

RAS Hold Time 

25 


30 


35 


ns 


•CAS 

CAS Pulse Width 

25 

10K 

30 

10K 

35 

10K 

ns 


•CSH 

CAS Hold Time 

85 


105 


125 


ns 


‘RAL 

Column Address To Lead Time 

45 


55 


65 


ns 


‘RWD 

RAS to WRITE Delay Time 

85 


105 


125 


ns 

7 

‘CWD 

CAS to WRITE Delay Time 

25 


30 


35 


ns 

7 

‘AWD 

Column Address to WRITE Delay Time 

45 


55 


65 


ns 

7 


NOTES: 

1 . An initial pause of 200 Microseconds is required after power-up followed by an 8 RAS-only cycles before proper device 
operation is achieved. 

2. Vih (min) and Vil (max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vih (min) and Vil (max) and are assumed to be 5 ns for all inputs. 

3. Measured with a load equivalent to two 2 TTL loads and 1 00 pF. 

4. Operation within the tRCD (max) limit insures that tRAC (max) can be met. tRCD (max) is specified as a reference point 
only; if tRCD is greater than the specified tRCD (max) limit, access time is controlled exclusively by tCAC. 

5. Assumes that tRCD ^ fRCD (max). 

6. This parameter defines the time at which the output achieves the open circuit condition and is not referenced to output 
voltage levels. 

7. tWCS, tWD, tRWD, and VWVD are non restrictive operating parameters. They are included in the Data Sheet as Electrical 
characteristics only. If tWCS ^ tWCS (min), the cycle is an early write cycle and data out pin will remain open circuit through 
the entire cycle; If tRWD ^ tRWD (min), tCWD ^ tQWD (min) and tAWD ^ t^WD (min), the cycle is a read-write cycle and 
data out will contain data read from the selected cell; If neither of the above set of conditions is satisfied, the condition of 
the data out (at access time) is indeterminate. 

8. Either tRCH or tRRH must be satisfied for a read cycle. 

9. These parameters are referenced to CAS leading edge in early write cycles and to the W leading edge in read-write 
cycles. 

1 0. Operation within the tRAD (max) limit insures that tRAC (max) can be met. tRAD (max) is specified as a reference point 
only; if tRAD is greater than the specified tRAD (max) limit, access time is controlled by tAA. 

1 1 . These specifications are applicable in the test mode. 
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TEST MODE N CYCLE 


I ///1 : 


NOTE: 

Din, AO ~ A10: “H” or “L” 


TEST MODE DESCRIPTION 

The 21040 is internally organized as 524,288 words 
by 8 bits. In the “Test Mode”, data are written into 8 
sectors in parallel and retrieved the same way. A-iqr. 
A-ioc and Aqc are not used for designation of memo- 
ry cells in the “Test Mode”. If upon reading, all bits 
are equal (all “1”s, or “0”s), the data output pin indi- 
cates a “1”. If any of the bits differed, the data out- 
put pin would indicate a “0”. In the “Test Mode”, the 


21040 device can be treated as if it were a 51 2K 
DRAM. 

WRITE and CAS before RAS Ref resh cycle is used 
to enter th e “Te st Mod e” w hile “RAS only Refresh 
cycle” or “CAS before RAS Refresh cycle” is used 
to put the device back into the “Normal Mode”. The 
“Test Mode” function can reduce the test time (y 8 
for “N” type pattern) drastically by taking advantage 
of the 51 2K x 8 bits organization. 
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DEVICE OPERATION 

The 21040 contains 262,144 memory locations. 
Eighteen address bits are required to address a par- 
ticular memory location. Since the 21040 has only 9 
address input pins, time multiplexed addressing is 
used to input 9 row and 9 column addresses. The 
multiplexing is controlled by the timing relationship 
between the row add ress strobe (RAS), the column 
address strobe (CAS) and the valid address inputs. 

Operation of the 21 040 b egins by str obing in a valid 
row address with RAS while CAS remains high. 
Then the address on the 9 address input pins is 
changed from a row addr ess to a column address 
and is strobed in by CAS. This is the beginning of 
any 21040 cycle in which a memory location is ac- 
cessed. The specific type of cycle is determined by 
the state of the write enable pin and various timing 
relati onsh ips. The cycle is terminated when both 
RAS and CAS have returned to the h igh state. An- 
other cycle can be initiate d afte r RAS remains high 
long enough to satisfy the RAS precharge time (tRp) 
requirement. 


RAS and CAS Timing 

The minimum RAS and CAS pulse widths are speci- 
fied by tRAs(min) and tcAs( m in) respectively. These 
minimum pulse widths must be satisfied for proper 
device operation an d dat a integrity. Once a cycle is 
initiated by bringing RAS low, it must not be ab orted 
prior to satisfying the minimum RAS and CAS pulse 
widths. In addi tion, a new cycle must not begin until 
the minimum RAS precharge time, tRp, has been 
satisfied. Once a cycle begins, internal clocks and 
other circuits within the 21040 begin a complex se- 
quence of events. If the sequence is broken by vio- 
lating minimum timing requirements, loss of data in- 
tegrity* can occur. 

Read 

A read cycle js achieved by maintaining the write 
enable input (W) high during a RAS/CAS cycle. The 
output of the 21040 remains in the Hi-Z state until 
valid data appears at the output. If CAS goes low 
before tRCD( m ax), t he ac cess time to valid data is 
specified by tRAc- If CAS goes lo w afte r tRQD(max), 
the access time is measured from CAS and is speci- 
fied by tcAC- ,n order to achieve the minimu m ac- 
cess time, tRAc(min), it is necessary to bring CAS 
low before tRCD( m a*)- 


Write 

The 21040 can perform early write, late write and 
read-modify-write cycles. The difference between 
these cycles is in the state of data-out and is_deter- 
mine d by the timing relationship between W and 
CAS. In any type of write cycle, data -in m ust be valid 
at or before the falling edge of W or CAS, whichever 
is later. 

Early Write: An early write cycle is performed by 
bringing W low before CAS. The data at the data 
input pin (D) is written into the addressed memory 
cell. Throughout the early write cycle the output re- 
mains in the Hi-Z state. This cycle is good for com- 
mon I/O applications because the data-in and data- 
out pins may be tied together without bus conten- 
tion. 

Read-Modify-Write: In this cycle, valid data from 
the addressed cell appears at the output before and 
during the time that data is being written into the 
same cell lo cation . This cycle is achieved by bringing 
W low after CAS and meeting the data sheet read- 
modify-write cycle timing requirements. This cycle 
requires using a separate I/O to avoid bus conten- 
tion. 

Late Write: If W is brought low after CAS, a late 
write cycle will occur. The late write cycle is very 
similar to the read-modify-write cycle except that the 
timing parameters, tRWD and tcwD» are not neces- 
sarily met. The state of data-out is indeterminate 
since the output could be either Hi-Z or contain data 
depending on the timing conditions. This cycle re- 
quires a separate I/O to avoid bus contention. 


Data Output 

The 21040 has a tri-state output buffer which is con- 
trolled by CAS (and W for early write). Whenever 
CAS is high (V|r) the output is in the high impedance 
(Hi-Z) state. In any cycle in which valid data appears 
at the output, the output first remains in the Hi-Z 
state until the data is valid and then the valid data 
appears at t he o utput. The valid data remains at the 
outp ut un til CAS returns high. This is true even if a 
new RAS cycle occurs (as in hidden refresh). Each 
of the 21040 operating cycles is listed below after 
the corresponding output state produced by the cy- 
cle. 

Valid Output Data: Read, Read-Modify-Write, Hid- 
den Refresh, Page Mode Read, Page Mode Read- 
Modify-Write. 
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H:-Z Output State : Ear ly Write , RA S-only Re fresh , 
Page Mode Write, CAS-before-RAS Refresh, CAS- 
only cycle. 

Indeterminate Output State: Delayed Write 


Refresh 

The data in the 21040 is stored on a tiny capacitor 
within each memory cell. Due to leakage, the data 
will leak off after a period of time. To maintain data 
integrity it is necessary to refresh each of the rows 
every 4 ms. There are several ways to accomplish 
this. 

RAS-Only Refresh: This is the most common meth- 
od for performing refr esh. It is pe rform ed by strobing 
in a row address with RAS while CAS remains high. 

CAS -befo re-RAS Refresh: The 21040 has CAS-be- 
fore-RAS on-chip refreshing capability that elimi- 
nates the need for external refresh addresses. If 
CAS is held low for the specified setup time (tcsR) 
before RAS goes low, the on-chip refresh circuitry is 
enabled. An internal refresh operation automatically 
occurs and the on-chip refresh address counter is 
inter nally in crem ented in preparation for the next 
CAS-before-RAS refresh cycle. 

Hidden Refresh: A hidden refresh cycle may be 
performed while maintaining t he la test valid data at 
the out put b y extending the CAS active time and 
cycling RAS. The 2 1040 hidden refresh cycle is ac- 
tually a CAS-before-RAS refresh cycle within an ex- 
tended read cycle. The refresh row address is pro- 
vided by the on-chip refresh address counter. This 
eliminates the need for the external row address 
that is required i n hid den ref resh cycles by DRAMs 
that do not have CAS-before-RAS refresh capability. 

Other Refresh Methods: It is also possible to re- 
fresh the 21040 by using read, write or read-modify- 
write cycles. Whenever a row is accessed, all the 
cells in that row are automatically refreshed. There 
are certain applications in which it might be advanta- 
geousto perfor m refr esh in t his m anner but in gener- 
al RAS-only or CAS-before-RAS refresh is the pre- 
ferred method. 


Page Mode 

The 21040 has page mode capability. Page mode 
memory cycles provide faster access and lower 
power dissipation than normal memory cycles. In 
page mode, it is possible to perform read, write or 


read-modify-cycles. As long as the applicable timing 
requirements are observed, it is possible to mix 
these cycles in any order. A pag e mode cycle begins 
with a normal cycle. While RAS is kept low to main- 
tain the row address, CAS is cycled to strobe in addi- 
tional column addresses. This eliminates the time 
required to set up and strobe sequential row ad- 
dresses for the same page. 


CAS-before-RAS Refresh Counter Test 
Cycle 

A sp ecial timing sequence using the CAS-before- 
RAS counter test cycle provides a conv enien t meth- 
od o f verifying the functionality of the CAS-before- 
RAS refresh activated circuitry. 

After the CAS-before-RAS refresh opera tion, if CAS 
goes high and then low again while RAS is held low, 
the read and write operations are enabled. 

This is shown in the CAS-before-RAS counter test 
cycle timing diagram. A memory cell can be ad- 
dressed with 9 row address bits and 9 column ad- 
dress bits defined as follows: 

Row Address — Bits A0 through A 7 are supplied by 
the on-chip refresh counter. The A8 bit is set high 
internally. 

Column Address— Bits A0 t hrough A8 are strobed- 
in by the falling edge of CAS as in a normal memory 
cycle. 


Suggested CAS-before-RAS Counter 
Test Procedure 

The CAS-before-RAS refresh counter test cycle tim- 
ing is used in each of the following steps: 

1. Initialize the internal refresh counter by perform- 
ing 8 cycles. 

2. Write a test pattern of “lows” into the memory 
cells at a single column address and 256 row ad- 
dresses. (The row addresses are supplied by the 
on-chip refresh counter.) 

3. Using read-modify-write cycles, read the “lows” 
written during step 2 and write “highs” into the 
same memory locations. Perform this step 256 
times so that highs are written into the 256 mem- 
ory cells. 

4. Read the “highs” written during step 3. 

5. Complement the test pattern and repeat steps 2, 
3 and 4. 
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Power-Up 

If RAS = Vgs during power-up, the 21040 could be- 
gin an active cycle. This condition results in higher 
than necessary current demands from the power 
supp ly d uring power-up. It is recommended that 
RAS and CAS track with Vcc during power-up or be 
held at a valid V|h in order to minimize the power-up 
current. 

An initial pause of 1 00 juls is required after power-up 
followed by 8 initialization cycles before proper de- 
vice operation is assured. 8 initialization cycles are 
also r equire d after any 4 ms period in which there 
are no R AS cy cles. An initialization cycle is any cycle 
in which RAS is cycled. 


Termination 

The lines from the TTL driver circuits to the 21040 
inputs act like unterminated transmission lines re- 
sulting in significant positive and negative over- 
shoots at the inputs. To minimize overshoot it is ad- 
visable to terminate the input lines and to keep them 
as short as possible. Although either series or paral- 
lel termination may be used, series termination is 
generally recommended since it is simple and draws 
no additional power. It consists of a resistor in series 
with the input line placed close to the 21040 input 
pin. The optimum value depends on the board lay- 
out. It must be determined experimentally and is 
usually in the range of 200 to 400. 


Board Layout 

It is important to lay out the power and ground lines 
on memory boards in such a way that switching tran- 
sient effects are minimized. The recommended 
methods are gridded power and ground lines or sep- 
arate power and ground planes. The power and 


ground lines act like transmission lines to the high 
frequency transients generated by DRAMs. The im- 
pedance is minimized if all the power supply traces 
to all DRAMs run both horizontally and vertically and 
are connected at each intersection or better yet if 
power and ground planes are used. 

Address and control lines should be as short as pos- 
sible to avoid skew. In boards with many DRAMs 
these lines should fan out from a central point like a 
fork or comb rather than being connected in a ser- 
pentine pattern. Also the control logic should be 
centrally located on large memory boards to facili- 
tate the shortest possible address and control lines 
to all the DRAMs. 


Decoupling 

The importance of proper decoupling cannot be over 
emphasized. Excessive transient noise or voltage 
droop on the Vcc line can cause loss of data integri- 
ty (soft errors). The total combined voltage changes 
over time in the Vcc to Vss voltage (measured at 
the device pins) should not exceed 500 mV. 

A high frequency 0.3 julF ceramic decoupling capaci- 
tor should be connected between the Vcc an d 
ground pins of each 21040 using the shortest possi- 
ble traces. These capacitors act as a low impedance 
shunt for the high frequency switching transients 
generated by the 21 040 and they supply much of the 
current used by the 21040 during cycling. 

In addition, a large tantalum capacitor with a value of 
47 /xF to 100 julF should be used for bulk decoupling 
to recharge the 0.3 juF capacitors between cycles, 
thereby reducing power line droop. The bulk decou- 
pling capacitor should be placed near the point 
where the power traces meet the power grid or pow- 
er plane. Even better results may be achieved by 
distributing more than one tantalum capacitor 
throughout the memory array. 
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2D2569 

256K x 9-BIT HIGH DENSITY DYNAMIC RAM 
MEMORY MODULE WITH PAGE MODE 


Intel 


■ Performance Range 


Parameter 

2D2569-08 

2D2569-10 

Units 

Acces Time from RAS (tRAc) 

80 

100 

ns 

Access Time from CAS (tcAc) 

40 

50 

ns 

Read Cycle Time (tRc) 

250 

190 

ns 


■ 256K x 9-Bit Organization 

■ Industry Standard Pin-Out in a 30-Pin 
Single In-Line Memory Module (SIMM) 

■ Common I/O Using “Early Write” 

■ Single 5V + 10% Power Supply 

■ 512 Refresh Cycles every 8 ms 


B Separate CAS Control for Eight 
Common Data-In and Data-Out Lines 

B Separate CAS (CAS8) Control for One 
Separate Pair of Data-In and Data-Out 
Lines 

B Supports Page Mode Operation 
B TTL Compatible Inputs and Outputs 


The 2D2569 is a 256K words by 9-bit memory module consisting of two industry standard 256K x 4-bit dynamic 
RAMs in SOJ package and one 256K x 1 -bit PLCC package. 

The 18 address bits are entered 10 bits at a time using RAS to latch the first 10 bits an d CAS to control the 
latter 9 bits. The ninth bit D8, Q8 is generally used for parity and is controlled by CAS8. 

The common I/O feature requires the use of an early write cycle to prevent data contention on DQ lines. 


Vcc 

CAS 

(1) 

(2) 

DQ0 

(3) 

A0 

(4) 

A1 

(5) 

DQ1 

(6) 

A2 

(7) 

A3 

(8) 

V SS 

(9) 

DQ2 

(10) 

A4 

(11) 

A5 

(12) 

DQ3 

(13) 

A6 

(14) 

A7 

(15) 

DQ4 

(16) 

A8 

(17) 

N.C. 

(18) 

N.C. 

(19) 

DQ5 

(20) 

W 

(21) 

V SS 

(22) 

DQ6 

(23) 

N.C. 

(24) 

DQ7 

(25) 

Q8 

RAS 

(26) 

(27) 

CAS8 

(28) 

D8 

(29) 

Vcc 

(30) 
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Pin Names 


A0-A8 

Address Inputs 

DQ1-DQ7 

Data Inputs/Outputs 

D8 

Data Input 

Q8 

Data Output 

RAS 

Row Address Strobe 

CAS-CAS8 

Column Address Strobe 

W 

R/W Input 

Vcc 

Power ( + 5 V) 

Vss 

Ground 

N.C. 

No Connection 


Figure 1. Pin Assignment 
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September 1990 
Order Number: 24Q838-001 








Figure 2. Block Diagram 
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Figure 3. Outline Drawing 

3-92 




2D2569 



ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative 

to V SS (V| N , Vqut) - IV to + 7.0V 

Voltage on Power Supply 

Relative to V S s (Vcc) - 1 V to + 7.0V 

Storage Temperature (Tstg) -55°C to + 1 25°C 

Soldering Temperature • Time 

(T solder) 260°C *10 Sec 

Power Dissipation (P<j) 9W 

Short Circuit Output 

Current (Iqut) 50 mA 


NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings’’ may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions’’ is not recommended and ex- 
tended exposure beyond the “Operating Conditions’’ 
may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage Referenced to V S s Ta = 0°Cto70°C) 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.4 

— ■ 

Vcc + 1 

V 

V|L 

Input Low Voltage 

-1.0 

— 

0.8 

V 

CAPACITANC 

E (T A = 25°C) 

Symbol 

Parameter 

Min 

Max 

Units 

Cj (A) 

Input Capacitance (A0-A9) 


75 

PF 

Cdq 

I/O Capacitance 


20 

PF 

cm 

Input Capacitance, Write Control Input 


80 

PF 

Cj (RAS) 

Input Capacitance, RAS Input 


100 

PF 

Cj (CAS) 

Input Capacitance, CAS Input 


100 

PF 

Cj (CASP) 

Input Capacitance, CASP Input 


20 

PF 

Cj (DP) 

Input Capacitance 


15 

PF 

C 0 (QP) 

Output Capacitance 


15 

PF 
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D.C. AND OPERATING CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 


Symbol 

Parameter 

Speed 

Min 

Max 

Units 

•cci 

Operating Current 

(RAS and CAS Cycling @ tRc = Min) 

-08 

-10 


205 

175 

mA 

•CC2 

Standby Current 

RAS = CAS = V| H 



11 

mA 

RAS = CAS = V C c -0.2V 



9 

mA 

>CC3 

RAS Only Refresh Current 

(CAS = V| H , RAS Cycling @ tRc = Min) 

-08 

-10 


195 

160 

mA 

•CC4 

Fast Page Mode Current 

(RAS = V|i_, CAS Cycling @ tpc = Min) 

-08 

-10 




ICC6 

CAS-before-RAS Refresh Current 
(RAS and CAS Cycling @ tRc = Min) 

-08 

-10 


i 


IlL 

Input Current 

(Any Input 0 ^ V|n ^ 6.5V 

All Other Pins = OV) 




jbtA 

!0Z 

Off State Output Current 
(Data Out is Disabled and 

0 <; Vqut * 5.5V) 


-30 

30 

jutA 

VOH 

Output High Voltage Level 

Ooh = “5 mA) 


2.4 

Vec 

V 

VOL 

Output Low Voltage Level 
(Iql = 4.2 mA) 


0 

0.4 

V 


NOTE: 

•cci> l(X3> l<X 4 and lcC6 are dependent on output loading and cycle rates. Specified values are obtained with the output 
open. Ice is specified as average current. 
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A.C. CHARACTERISTICS! 1 - 2 ) (T A = 0°C to 70°C, v C c = 5V ±10%) 


Symbol 

Parameter 

2D2569-08 

2D2569-10 

Units 

Notes 

Min 

Max 

Min 

Mas 

tRAC 

Access Time from RAS 


80 


100 

ns 

4,7 

tCAC 

Acces Time from CAS 


40 


50 

ns 

5,7 

tCAA 

Access Time from 

Column Address 


45 


50 

ns 

6,7 

tCPA 

Access Time from CAS 
Precharge 


45 


55 

ns 

7, 14 

*CLZ 

Output Low Impedance 

Time from CAS Low 

5 


5 


ns 

7 

tOFF 

Output Disable Time 
after CAS High 

0 

25 

0 

30 

ns 


tREF 

Refresh Cycle Time 


4 


4 

ms 


tr 

Transition Time 

3 

50 

3 

50 

ns 


*RP 

RAS High Pulse Width 

60 


80 


ns 


tCRP 

CAS to RAS Precharge 

Time 

10 


15 


ns 


tRCD 

RAS to CAS Delay Time 

20 

40 

25 

50 

ns 

9, 10 

tCPN 

CAS High Pulse Width 

20 


25 


ns 


*RAD 

Column Addres Delay 

Time from RAS Low 

20 

40 

20 

50 

ns 

11 

*ASR 

Row Address Setup 

Time before RAS Low 

0 


0 


ns 


Use 

Column Address Time 
before CAS Low 

0 


0 


ns 


tRAH 

Row Address Hold Time 
after RAS LOW 

15 


15 


ns 


tCAH 

Column Address Hold Time 
after CAS Low or W Low 

15 


20 


ns 
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A.C. CHARACTERISTICS^* 2 ) (Continued) (T A = 0°Cto 70°C, V C c = 5V ±10%) 


READ AND REFRESH CYCLES 


Symbol 

Parameter 

2D2569-08 

2D2569-10 

Units 

Notes 

Min 

Max 

Min 

Max 

*RC 

Read Cycle Time 

150 


190 


ns 


tRAS 

RAS Low Pulse Width 

80 

10K 

100 

10K 

ns 


tCAS 

CAS Low Pulse Width 

40 

10K 

50 

10K 

ns 


tCSH 

CAS Hold Time 
after RAS Low 

80 


100 


ns 


tRSH 

RAS Hold Time after 
CAS Low 

40 


50 


ns 


tRCS 

Read Setup Time 
before CAS Low 

0 


0 


ns 


tRCH 

Read Hold Time 
after CAS High 

0 


0 


ns 

12 

tRRH 

Read Hold Time 
after RAS High 

0 




ns 

12 

tRAL 

Column Address to 

RAS Setup Time 

45 




ns 


tRPC 

Precharge to CAS 

Active Time 

10 







CAS BEFORE RAS REFRESH CYCLE 


Symbol 

Parameter 

2D2569-08 

2D2569-10 

Units 

Notes 

Min 

Max 

Min 

Max 

*CSR 

CAS Set Up Time for CAS 
before RAS Refresh 

10 


10 


ns 


tCHR 

CAS Hold Time for CAS 
before RAS Refresh 

30 


30 


ns 


tRPC 

Precharge to CAS 

Active Time 

0 

t 

0 


ns 
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A.C. CHARACTERISTICS (Continued) (T A = 0°C to 70°C, V C c = 5V ±10%) 
WRITE CYCLE (Early Write) 


Symbol 

Parameter 

2D2569-08 

2D2569-10 

Units 

Notes 

Min 

Max 

Min 

Max 

twc 

Write Cycle Time 

160 


190 


ns 


tRAS 

RAS Low Pulse Width 

130 

10K 

160 

10K 

ns 


tDS 

Data Setup Time 

0 


0 


ns 


*DH 

Data Hold Time 
after CAS Low 

20 


20 


ns 


tCAS 

CAS Low Pulse Width 

20 

10K 

25 

10 

ns 


tcSH 

CAS Hold Time 
after RAS Low 

80 


100 


ns 


tRSH 

RAS Hold Time 
after CAS Low 

20 


25 


ns 


twcs 

Write Setup Time 
before CAS Low 

0 


0 


ns 

13 

twCH 

Write Hold Time 
after CAS Low 

15 


20 


ns 


t W p 

Write Pulse Width 

15 


20 


ns 
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FAST PAGE MODE CYCLE (Read, Early Write cycles) 


Symbol 

Parameter 

2D2569-08 

2D2569-10 

Units 

Notes 

Min 

Max 

Min 

Max 

tpc 

Fast Page Mode 

Cycle Time 

75 


90 


ns 


*RAS 

RAS Low Pulse Width 
for Read, Write Cycle 

130 

10K 

160 

10K 

ns 


tCAS 

CAS Low Pulse Width 
for Read Cycle 

20 

10K 

25 

10K 

ns 


*CP 

CAS High Pulse Width 

25 


30 


ns 



NOTES: 

1 . An initial pause of 500 jus is required after power-up followed by any 8 RAS-only cycles before proper device operation is 
achieved. 

2. A.C. Characteristics assume Xj = 5 ns. 

3. Vm(min) and V||_(max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vm (min) and V|L(max). 

4. Assumes that tRCD ^ tRQD(max), tRAD ^ tRAD(max). If tRQo (or tRAo) is greater than the maximum recommended value 
shown in this table tRAC will be increased by the amount that tRCD (or tRAD) exceeds the value shown. 

5. If tRCD ^ tRCD(max), t R AD ^ tRAD(max), and t A sc ^ *aa - tcAC - t T , access time is t C AC- 

6. If t R AD ^ tRAD(max) and t A sc ^ t A A - tcAC “ ti, access time is t A A- 

7. Measured with a load equivalent to two TTL loads and 1 00 pF. 

8. toFF is specified that output buffer changes to high impedance state. 

9. Operation within the tRco(max) limit insures that tRAc(max) can be met. tRCD(max) is specified as a reference point only; 
if tRCD is greater than the specified tRcp(max) limit, access time is controlled exclusively by tcAC or tAA- 

10. tRCD(min) = tRAH(min) + 2t T + t A sc(min). 

11. Operation within the tRAD(max) limit insures that tRAc(max) can be met. tRAD (max) is specified as a reference point 
only; if tRAD is greater than the specified tRAD(max) limit, access time is exclusively controlled by tcAC or tAA- 

1 2. Either tRRR or tRCH must be specified for a read cycle. 

13. twcs. tcwD. tRWD and tAWD are non-restrictive operating parameters. They are included in the Data Sheet as Electrical 

Characteristics only. 

14- tcpA is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H”). 
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EARLY WRITE CYCLE 
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21019 

1,048,576 x 9-BIT DYNAMIC RAM 
MEMORY MODULE WITH PAGE MODE 



21019-06 

21019-07 

21019-08 

21019-10 

Units 

Acces Time from RAS (tRAc) 

60 

70 

80 

100 

ns 

Access Time from CAS (tcAc) 

20 

20 

20 

25 

ns 

Read Cycle Time (tRc) 

125 

140 

160 

190 

ns 


■ 1,048,576 x 9-Bit Organization 

■ Industry Standard Pin-Out in a 30-Pin 
Single In-Line Memory Module (SIMM) 

■ Common I/O Using “Early Write” 

■ Single 5V + 10% Power Supply 

■ 512 Refresh Cycles every 8 ms 


■ Separate CAS Control for Eight 
Common Data-In and Data-Out Lines 

■ Separate CAS (CAS8) Control for One 
Separate Pair of Data-In and Data-Out 
Lines 

■ TTL Compatible Inputs and Outputs 


The 21019 is a 1,048,576 words by 9-bit memory module consisting of industry standard 1 Meg x 1 dynamic 
RAMs in SOJ package. 

The 20 address bits are entered 10 bits at a time using RAS to latch the first 10 b its and CAS to control the 
latter 10 bits. The ninth bit D8, Q8 is generally used for parity and is controlled by CAS8. 


The common I/O feature requires the use of an early write cycle to prevent data contention on DQ lines. 



240721-1 


Pin Names 


> 

0 

1 

> 

CD 

Address Inputs 

DQ1 -DQ7 

Data Inputs/Outputs 

D8 

Data Input 

Q8 

Data Output 

RAS 

Row Address Strobe 

CAS-CAS8 

Column Address Strobe 

W 

R/W Input 

Vcc 

Power ( + 5V) 

Vss 

Ground 

N.C. 

No Connection 
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Figure 3. Outline Drawing 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative 

Vss (VlN« Vout) — IV to + 7.0V 

Voltage on Power Supply 

Relative to Vss (Vcc) - 1 V to + 7.0V 

Storage Temperature (Tstg) -55°C to + 125°C 

Soldering Temperature • Time 

0~solder) 260°C *10 Sec 

Power Dissipation (Pd) 9W 

Short Circuit Output 

Current (Iqut) 50 mA 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“ Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS (Voltage Referenced to V S s- T a = 0°Cto70°C) 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Vcc 

Supply Voltage 

4:5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.4 

— 

6.5 

V 

V|L 

Input Low Voltage 

-1.0 

— 

0.8 

V 


CAPACITANCE (T a = 25°C) 


Symbol 

Parameter 

Min 

Max 

Units 

Ci(A) 

Input Capacitance (A0-A9) 


75 

PF 

Cdq 

I/O Capacitance 


20 

PF 

Ci(W) 

Input Capacitance, Write Control Input 


80 

PF 

Cj (RAS) 

Input Capacitance, RAS Input 


100 

PF 

Cj (CAS) 

Input Capacitance, CAS Input 


100 

PF 

C-, (CASP) 

Input Capacitance, CASP Input 


20 

PF 

Ci (DP) 

Input Capacitance 


15 

PF 

C 0 (QP) 

Output Capacitance 


15 

PF 
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D.C. AND OPERATING CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 


Symbol 

Parameter 

Speed 

■ 

Min 

Max 

Units 

leci 

Operating Current 

(RAS and CAS Cycling @ tRc = Min) 

-06 

-07 

-08 

-10 


810 

720 

675 

540 

mA 

■CC2 

Standby Current 

RAS = CAS - V| H 



18 

mA 

RAS = CAS = V C c -0.2V 



9 

mA 

ICC3 

RAS Only Refresh Current 

(CAS = V|h, RAS Cycling @ tRQ = Min) 

-06 

-07 

-08 

-10 




! CC4 

Fast Page Mode Current 

(RAS = V|i_, CAS Cycling @ tpc = Min) 

-06 

-07 

-08 

-10 



H 

•CC6 

CAS-before-RAS Refresh Current 
(RAS and CAS Cycling @ tpc = Min) 

-06 

-07 

-08 

-10 




IlL 

Input Current 

(Any Input 0 ^ Vjn ^ 6.5V 

All Other Pins = 0V) 


-90 



•oz 

Off State Output Current 
(Data Out is Disabled and 

0 <: Vqut £ 5.5V) 


-20 



V OH 

Output High Voltage Level 

OoH = -5 mA) 


2.4 

Vec 

V 

V OL 

Output Low Voltage Level 
(l 0 L = 4.2 mA) 


0 

0.4 

V 


NOTE: 

*cci. Icc 3 . Icc 4 a nd Icc6 are dependent on output loading and cycle rates. Specified values are obtained with the output 
open. Ice is specified as average current. 
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A.C. CHARACTERISTICS* 1 . 2 ) (T A = 0 °C to 70°C, v cc - 5V + 10 %) 


Symbol 

Parameter 

21019-06 

21019-07 

'21019-08 

21019-10 

Units 

Notes 



Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 



*RAC 

Access Time from RAS 


60 


70 


80 


100 

ns 

4,7 

tCAC 

Acces Time from CAS 


20 


20 


20 


25 

ns 

5,7 

*CAA 

Access Time from 

Column Address 


30 


35 


45 


50 

ns 

6,7 

*CPA 

Access Time from CAS 
Precharge 


40 


45 


45 


55 

ns 

7,14 

tCLZ 

Output Low Impedance 

Time from CAS Low 

0 

20 

0 

20 

5 


5 


ns 

7 

tOFF 

Output Disable Time 
after CAS High 

0 

20 

0 

20 

0 

20 

0 

30 

ns 


tREF 

Refresh Cycle Time 


8 


8 


8 


8 

ms 


tT 

Transition Time 

3 

50 

3 

50 

3 

50 

3 

50 

ns 


tRP 

RAS High Pulse Width 

55 


60 


70 


80 


ns 


*CRP 

CAS to RAS Precharge 

Time 

10 


10 


10 


10 


ns 


tRCD 

RAS to CAS Delay Time 

20 

40 

20 

50 

25 

60 

25 

75 

ns 

9, 10 

tCPN- 

CAS High Pulse Width 

35 


35 


35 


35 


ns 


tRAD 

Column Address Delay 

Time from RAS Low 

15 

30 

15 

35 

20 

40 

20 

50 

ns 

11 

tASR 

Row Address Setup 

Time before RAS Low 

0 


0 


0 


0 


ns 


*ASC 

Column Address Time 
before CAS Low 

0 

20 

0 

20 

0 

20 

0 

20 

ns 


tRAH 

Row Address Hold Time 
after RAS LOW 

15 


15 


15 


15 


ns 


tCAH 

Column Address Hold Time 
after CAS Low or W Low 

20 


20 


20 


20 


ns 
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A.C. CHARACTERISTICS^* 2 ) (Continued) (T A = 0°C to 70°C, V C c = 5V ±10%) 


READ AND REFRESH CYCLES 


Symbol 

Parameter 

21019-06 

21019-07 

21019-08 

21019-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

*RC 

Read Cycle Time 

125 


140 


160 


190 


ns 


*RAS 

RAS Low Pulse Width 

60 

10K 

70 

10K 

80 

10K 

100 

10K 

ns 


*CAS 

CAS Low Pulse Width 

20 

10K 

20 

10K 

20 

10K 

25 

10K 

ns 


tcSH 

CAS Hold Time 
after RAS Low 

60 


70 


80 


100 


ns 


tRSH 

RAS Hold Time after 
CAS Low 

20 


20 


20 


30 


ns 


*RCS 

Read Setup Time 
before CAS Low 

0 


0 


0 


0 


ns 


tRCH 

Read Hold Time 
after CAS High 

0 


0 


0 


0 


ns 

12 

tRRH 

Read Hold Time 
after RAS High 

10 


10 


10 


10 


ns 

12 

*RAL 

Column Address to 
RAS Setup Time 

30 


35 

I 

45 

i 


55 


ns 


*RPC 

Precharge to CAS 
Active Time 

10 


10 


10 


10 


ns 



CAS BEFORE RAS REFRESH CYCLE 


Symbol 

Parameter 

21019-06 

21019-07 

21019-08 

21019-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tCSR 

CAS Set Up Time for CAS 
before RAS Refresh 

10 


10 


10 


10 


ns 


tCHR 

CAS Hold Time for CAS 
before RAS Refresh 

15 


15 


30 


30 


ns 


tRPC 

Precharge to CAS 

Active Time 

0 


0 


0 


0 


ns 
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A.C. CHARACTERISTICS (Continued) (T A = 0°Cto 70°C, V C c = 5V ±10%) 


WRITE CYCLE (Early Write) 


Symbol 

Parameter 

21019-06 

21019-07 

21019-08 

21019-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

twc 

Write Cycle Time 

150 


160 


160 


190 


ns 


tRAS 

RAS Low Pulse Width 

120 


125 


130 

10K 

160 

10K 

ns 


*DS 

Data Setup Time 

0 


0 


0 


0 


ns 





■ 


■ 


■ 

20 

■ 



*CAS 

CAS Low Pulse Width 









ns 



CAS Hold Time 
after RAS Low 

60 


H 

■ 

80 

■ 


■ 

ns 


*RSH 

RAS Hold Time 
after CAS Low 

20 


20 


20 


25 


ns 


twcs 

Write Setup Time 
before CAS Low 

0 


0 


0 


0 


ns 

13 

twCH 

Write Hold Time 
after CAS Low 

15 


15 


15 


20 


ns 


twp 

Write Pulse Width 

15 


15 


15 


20 


ns 
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FAST PAGE MODE CYCLE (Read, Early Write cycles) 


Symbol 

Parameter 

21019-06 

21019-07 

21019-08 

21019-10 

Units 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tpc 

Fast Page Mode 

Cycle Time 

45 


50 


50 


60 


ns 


Iras 

RAS Low Pulse Width 
for Read, Write Cycle 

120 

10K 

120 

10K 

130 

10K 

160 

10K 

ns 


tCAS 

CAS Low Pulse Width 
for Read Cycle 

20 

10K 

20 

10K 

20 

10K 

25 

10K 

ns 


tcp 

CAS High Pulse Width 

10 

25 

10 

25 

10 

25 

15 

25 

ns 



NOTES: 

1 . An initial pause of 500 /x s is required after power-up followed by any 8 RAS-only cycles before proper device operation is 
achieved. 

2. A.C. Characteristics assume t j = 5 ns. 

3. Vm(min) and V||_(max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vm (min) and V|i_(max). 

4. Assumes that tRCD ^ tRCD(max), Irad ^ tRAD(max). If tRCD (or tRAD) is greater than the maximum recommended value 
shown in this table tRAC will be increased by the amount that t R cD (or tRAD) exceeds the value shown. 

5. If t R cD ^ tRCD(max), t RA D ^ t RA D(max) f and t A sc ^ t A A - tcAC ~ tj, access time is t C AC- 

6. If t R AD ^ tRAo(max) and t A sc ^ t A A ~ tcAC “ t T) access time is t A A- 

7. Measured with a load equivalent to two TTL loads and 1 00 pF. 

8. toFF is specified that output buffer changes to high impedance state. 

9. Operation within the tRQD(max) limit insures that tRAc(max) can be met. tRco(max) is specified as a reference point only; 
if t R cD is greater than the specified tRCD(max) limit, access time is controlled exclusively by tcAC or tAA- 

10. tRCD(min) = tRAH(min) + 2t T + t A sc(min). 

1 1 . Operation within the tRAD(max) limit insures that tRAc(max) can be met. tRAD (max) is specified as a reference point 
only; if t R AD is greater than the specified tRAD(max) limit, access time is exclusively controlled by tcAC or tAA- 

12. Either t R RH or t R cH must be specified for a read cycle. 

1 3 - twcs. tcwD. Irwd and tAWD a re non-restrictive operating parameters. They are included in the Data Sheet as Electrical 
Characteristics only. 

14. tQPA is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H”). 
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HIDDEN REFRESH CYCLE (READ) 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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225636 

256K x 36-BIT DYNAMIC RAM 
MEMORY MODULE WITH PAGE MODE 

■ Performance Range 


Parameters 

225636-08 

225636-10 

Units 

Access Time from RAS (tRAc) 

80 

100 

ns 

Access Time from CAS (tcAc) 

20 

25 

ns 

Read Cycle Time (tRc) 

150 

180 

ns 


■ 256K x 36-Bit Organization B 512 Refresh Cycles every 8 ms 

B Industry Standard Pin-Out in a 72-Pin B Separate CAS Control for Each Nine 

Single In-Line Memory Module (SIMM) Common Data-In and Data-Out Lines 

B Common I/O Using “Early Write” B Fast Page Mode Operation 

B Single 5V + 10% Power Supply B TTL Compatible Inputs and Outputs 

The 225636 is a 256K x 36-bit DRAM memory module consisting of Industry Standard CMOS 256K x 4-bit 
DRAMs and 256K x 1 -bit DRAMs. The module contains eight 256K x 4-bit 20-pin SOJ packages and four 256K 
x 1-bit 18-pin PLCC packages. There are bypass capacitors on board on each module. 

The 1 8 a ddres s bits are entered 9 bits at at time using RASO or RAS2 to latch the first 9 bits and CASO, CAS1 , 
CAS2 or CAS3 to control the latter 9 bits. 

The common I/O feature requires the use of an early write cycle to prevent data contention on DQ lines. 



PIN CONFIGURATIONS (Front View) 


Pin 

Symbol 

49 

DQg 

50 

DQ27 

51 

DQlO 

52 

DQ28 

53 

DQll 

54 

DQ29 

55 

DQl2 

56 

DQ30 

57 

DQ13 

58 

DQ31 

59 

Vcc 

60 

DQ32 

61 

dq 14 

62 

DQ33 

63 

DQ15 

64 

DQ34 

65 

DQ16 

66 

NC 

67 

PD1 

68 

PD2 

69 

PD3 

70 

PD4 

71 

NC 

72 

Vss 


Pin 

Symbol 

1 

Vss 

2 

DQq 

3 

DQis 

4 

DQi 

5 

DQ19 

6 

DQ2 

7 

DQ20 

8 

dq 3 

9 

DQ2J 

10 

Vcc 

11 

NC 

12 

A 0 

13 

Ai 

14 

a 2 

15 

A3 

16 

a 4 

17 

A 5 

18 

a 6 

19 

NC 

20 

dq 4 

21 

DQ22 

22 

dq 5 

23 

DQ23 

24 

dq 6 


Pin 

Symbol 

25 

dq 24 

26 

dq 7 

27 

DQ25 

28 

A 7 

29 

NC 

30 

Vcc 

31 

A 8 

32 

NC 

33 

NC 

34 

RAS2 

35 

dq 26 

36 

dq 8 

37 

DQi 7 

38 

DQ35 

39 

Vss 

40 

CASO 

41 

CAS2 

42 

CAS3 

43 

CAS1 ' 

44 

RASO 

45 

NC 

46 

NC 

47 

W 

48 

NC 


Figure 1. Pin Assignment 
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Pin Name 

Pin Function 

Ao~As 

DQq— DQ 35 

w 

RASO, RAS2 
CAS0-CAS3 
PD1-PD4 

Vcc 

Vss 

NC 

Address Inputs 

Data In /Out 

Read/Write Input 

Row Address Strobe 
Column Address Strobe 
Presence Detect 

Power ( + 5V) 

Ground 

No Connection 


Presence Detect Pins (Optional) 


Pin 

80 ns 

100 ns 

PD1 

Vss 

Vss 

PD2 

NC 

NC 

PD3 

NC 

Vss 

PD4 

Vss 

Vss 



v cc o 

v sso- 


_I_ V cc 0.22 /aF Capacitor * 
on each DRAM ^ 


To all DRAMs 


240837-2 



Figure 2. 256K x 36-Bit SIMM Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative 

to V SS (V| N » V 0U t) • • ~ 1 V to + 7.0V 

Voltage on Power Supply 

Relative to Vss (Vcc) - 1 V to + 7.0V 

Storage Temperature (Tstg) -55°C to + 125°C 

Soldering Temperature • Time 

0"solder) 260°C *10 Sec 

Power Dissipation (Pd) 9W 

Short Circuit Output 

Current (Iqut) 50 mA 


NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions ” is not recommended and ex- 
tended exposure beyond the “Operating Conditions ” 
may affect device reliability. 


RECOMMENDED OPERATING COI 

SlDITIONS (Voltage Referenced to Vss- t a = 

0°C to 70°C) 

Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.4 

— 

Vcc + 1 

V 

VlL 

Input Low Voltage 

-1.0 

— 

0.8 

V 


CAPACITANCE (T A = 25°C) 


Symbol 

Parameter 

Min 

Max 

Units 

Q(A) 

Input Capacitance (A0-A9) 


80 

PF 

Cdq 

I/O Capacitance 


20 

PF 

Cj (W) 

Input Capacitance, Write Control Input 


94 

PF 

Cj (RAS) 

Input Capacitance, RAS Input 


50 

PF 

C-, (CAS) 

Input Capacitance, CAS Input 


40 

PF 

Cj (CASP) 

Input Capacitance, CASP Input 


20 

PF 

Ci (DP) 

Input Capacitance 


15 

PF 

C 0 (QP) 

Output Capacitance 


^ 15 

PF 


3-127 




225636 


intef 


D.C. AND OPERATING CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 


Symbol 

Parameter 

Speed 

Min 

Max 

Units 

!CC1 

Operating Current 

(RAS and CAS Cycling @ tRc = Min) 

-08 

-10 


820 

700 

mA 

ICC2 

Standby Current 

RAS = CAS = V| H 



24 

mA 

RAS = CAS = V C c -0.2V 



9 

mA 

>CC3 

RAS Only Refresh Current 

(CAS = V|h, RAS Cycling @ tRc = Min ) 

-08 

-10 


820 

700 

mA 

ICC4 

Fast Page Mode Current 

(RAS = V||_, CAS Cycling @ tpc = Min) 

-08 

-10 


580 

480 

mA 

>CC6 

CAS-before-RAS Refresh Current 
(RAS and CAS Cycling @ tRQ = Min) 

-08 

-10 


820 

700 

mA 

IlL 

Input Current 

(Any Input 0 ^ V|n ^ 6.5V 

All Other Pins = OV) 


-120 

120 

ju,A 

•oz 

Off State Output Current 
(Data Out is Disabled and 

0 ^ V 0 UT ^ 5.5V) 


-20 

20 

jmA 

VoH 

Output High Voltage Level 
(Iqh = -5 mA) 


2.4 

V CC 

• 

V 

VOL 

Output Low Voltage Level 
(l OL = 4.2 mA) 


0 

0.4 

V 


NOTE: 

lcci> l(X3> Icc4 and Icc6 are dependent on output loading and cycle rates. Specified values are obtained with the output 
open. Ice is specified as average current. 
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A.C. CHARACTERISTICS^. 2 ) (T A = 0“C to 70°C, v C c = 5V ±10%) 


Symbol 

Parameter 

225636-08 | 

225636-10 | 

Units 

Notes 



Min 

Max 

Min 

Mas 



tRAC 

Access Time from RAS 


80 


100 

ns 

4,7 

tCAC 

Acces Time from CAS 


20 


25 

ns 

5,7 

tAA 

Access Time from 

Column Address 


40 


50 

ns 

6,7 

tCPA 

Access Time from CAS 
Precharge 


45 


55 

ns 

7, 14 

tCLZ 

Output Low Impedance 

Time from CAS Low 

5 


5 


ns 

7 

tOFF 

Output Disable Time 
after CAS High 

0 

25 

0 

30 

ns 


*REF 

Refresh Cycle Time 


8 


8 

ms 


tT 

Transition Time 

3 

50 

3 

50 

ns 


tRP 

RAS High Pulse Width 

60 


70 


ns 


tCRP 

CAS to RAS Precharge 

Time 

5 


5 


ns 


tRCD 

RAS to CAS Delay Time 

25 

60 

25 

75 

ns 

9, 10 

tCPN 

CAS High Pulse Width 

35 


35 


ns 


*RAD 

Column Addres Delay 

Time from RAS Low 

20 

40 

20 

50 

ns 

11 

*ASR 

Row Address Setup 

Time before RAS Low 

0 


0 


ns 


Use 

Column Address Time 
before CAS Low 

0 

20 

0 

20 

ns 


*RAH 

Row Address Hold Time 
after RAS LOW 

15 


15 


ns 


*CAH 

Column Address Hold Time 
after CAS Low or W Low 

20 


20 


ns 
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A.C. CHARACTERISTICS^* 2 ) (Continued) (T A = 0°Cto 70°C, V C c = 5V ±10%) 


READ AND REFRESH CYCLES 


Symbol 

Parameter 

225636-08 

225636-10 

Units 

Notes 

Min 



Max 

*RC 

Read Cycle Time 

150 




ns 


*RAS 

RAS Low Pulse Width 

80 

10K 

100 

10K 

ris 


tCAS 

CAS Low Pulse Width 

HUfl 


25 

10K 

ns 



CAS Hold Time 
after RAS Low 



100 


ns 



RAS Hold Time after 
CAS Low 



25 


Hi 



Read Setup Time 
before CAS Low 



0 


Hi 



Read Hold Time 
after CAS High 



0 



12 

*RRH 

Read Hold Time 
after RAS High 



0 


ns 

12 

*RAL 

Column Address to 

RAS Setup Time 



50 


ns 


*RPC 

Precharge to CAS 

Active Time 





ns 



CAS BEFORE RAS REFRESH CYCLE 


Symbol 

Parameter 

225636-08 

225636-10 

Units 

Notes 

Min 

Max 

Min 

Max 

l CSR 

CAS Set Up Time for CAS 
before RAS Refresh 

10 


Hi 


1^9 


*CHR 

CAS Hold Time for CAS 
before RAS Refresh 

30 



Hi 

Hi 


tRPC 

Precharge to CAS 

Active Time 

10 


■a 
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A.C. CHARACTERISTICS (Continued) (T A = 0°C to 70°C, V C c = 5V ±10%) 


WRITE CYCLE (Early Write) 


Symbol 

Parameter 

225636-08 

225636-10 

Units 

Notes 

Min 

Max 

Min 

Max 

twc 

Write Cycle Time 

160 


190 


ns 


tRAS 

RAS Low Pulse Width 

130 

1 0K 

160 

10K 

ns 


^DS 

Data Setup Time 

0 


0 


ns 


^DH 

Data Hold Time 
after CAS Low 

20 


20 


ns 


tCAS 

CAS Low Pulse Width 

20 

10K 

25 

10K 

ns 


tCSH 

CAS Hold Time 
after RAS Low 

80 


100 


ns 


tRSH 

RAS Hold Time 
after CAS Low 

20 


25 


ns 


twcs 

Write Setup Time 
before CAS Low 

0 


0 


ns 

13 

tWCH 

Write Hold Time 
after CAS Low 

20 


20 


ns 


twp 

Write Pulse Width 

15 


20 


ns 
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FAST PAGE MOPE CYCLE (Read, Early Write cycles) 


Symbol 

Parameter 

225636-08 

225636-10 

Units 

Notes 

Min 

Max 

Min 

Max 

tpc 

Fast Page Mode 

Cycle Time 

50 


60 


ns 


tRAS 

RAS Low Pulse Width 
for Read, Write Cycle 

80 

10K 

100 

10K 

ns 


tCAS 

CAS Low Pulse Width 
for Read Cycle 

20 

10K 

25 

10K 

ns 


tcp 

CAS High Pulse Width 

10 


15 


ns 



NOTES: 

1 . An initial pause of 500 juts is required after power-up followed by any 8 RAS-only cycles before proper device operation is 
achieved. 

2. A.C. Characteristics assume tj = 5 ns. 

3. V|H(min) and Vn_(max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between Vm (min) and Vn_(max). 

4. Assumes that tpcD ^ tRCD(max), tRAD ^ tRAD(max). If tRCD (or tRAD) is greater than the maximum recommended value 
shown in this table tRAc will be increased by the amount that tRCD (or tRAo) exceeds the value shown. 

5. If fRCD ^ tRCD(^ax), tRAD ^ fRAD( max )» and Use ^ *aa ~ tcAC ~ tj, access time is tcAC- 

6. If tRAD ^ tRAD(max) and tAsc ^ tAA _ tcAC ~ tj, access time is tAA- 

7. Measured with a load equivalent to two TTL loads and 100 pF. 

8. toFF is specified that output buffer changes to high impedance state. 

9. Operation within the tRQD(max) limit insures that tRAc(max) can be met. tRCD(max) is specified as a reference point only; 
if tRCD is greater than the specified tRCD(max) limit, access time is controlled exclusively by tcAC or tAA- 

10. tRCD(min) = tRAH(min) + 2tj + t A sc(min). 

1 1 . Operation within the tRAD(max) limit insures that tRAc(max) can be met. tRAD (max) is specified as a reference point 
only; if tRAD is greater than the specified tRAo(max) limit, access time is exclusively controlled by tcAC or tAA- 

1 2. Either tRRR or tRCH must be specified for a read cycle. 

13- twcs. tcwD» tRWD and tAWD are non-restrictive operating parameters. They are included in the Data Sheet as Electrical 

Characteristics only. 

14. tcPA is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H”). 
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251236 

512K x 36-BIT DYNAMIC RAM 
MEMORY MODULE WITH PAGE MODE 

■ Performance Range 


Parameters 

251236-08 

251236-10 

Units 

Acces Time from RAS (tRAc) 

80 

100 

ns 

Access Time from CAS (tcAc) 

20 

25 

ns 

Read Cycle Time (tRc) 

150 

180 

ns 



■ 512K x 36-Bit Organization 

■ Industry Standard Pin-Out in a 72-Pin 
Single In-Line Memory Module (SIMM) 

■ Common I/O Using “Early Write” 

■ Single 5V + 10% Power Supply 

■ Separate CAS Control for 4 Groups of 
18 Common Data-In and Data-Out Lines 


■ 512 Refresh Cycles every 4 ms 

■ Separate CAS (CAS8) Control for One 
Separate Pair of Data-In and Data-Out 
Lines 

■ Separate RAS Control for 4 Groups of 
18 Common Data-In and Data-Out Lines 

■ Fast Page Mode Operation 

■ TTL Compatible Inputs and Outputs 


The 251236 is a 512K x 36-bit Dynamic RAM Memory Module consisting of industry standard CMOS, 256K x 
4-bit DRAMs and 256K x 1-bit DRAMs. The module contains sixteen 256K x 4-bit in 20-pin plastic SOJ 
package and eight 256K x 1-bit in 18-pin PLCC. There are bypass capacitors on board each SIMM module. 


The common I/O feature requires the use of an early write cycle to prevent data contention on DQ lines. 


PIN CONFIGURATIONS (Front View) 



Pin 

Symbol 

1 

Vss 

2 

DQ 0 

3 

DQis 

4 

DQ-j 

5 

DQig 

6 

dq 2 

7 

dq 20 

8 

DQ 3 

9 

DQ 21 

10 

V CC 

11 

NC 

12 

Ao 

13 

Ai 

14 

a 2 

15 

a 3 

16 

a 4 

17 

A5 

18 

a 6 

19 

NC 

20 

dq 4 

21 

dq 22 

22 

dq 5 

23 

dq 23 

24 

dq 6 


Pin 

Symbol 

49 

DQg 

50 

dq 27 

51 

DQ10 

52 

DQ 2 8 

53 

DQ11 

54 

DQ 29 

, 55 

dq 12 

56 

DQ 30 

57 

DQ 13 

58 

DQ 31 

59 

Vec 

60 

DQ 32 

61 

DQ -| 4 

62 

DQ 33 

63 

DQ 15 

64 

dq 34 

65 

DQie 

66 

NC 

67 

PD1 

68 

PD2 

69 

PD3 

70 

PD4 

71 

NC 

72 

Vss 


Pin 

Symbol 

25 

dq 24 

26 

DQy 

27 

dq 25 

28 

a 7 

29 

NC 

30 

Vec 

31 

As 

32 

NC 

33 

NC 

34 

RAS2 

35 

dq 26 

36 

dq 8 

37 

DQ 17 

38 

DQ 35 

39 

Vss 

40 

CAS0 

41 

CAS2 

42 

CAS3 

43 

CAS1 

44 

RAS0 

45 

NC 

46 

NC 

47 

W 

48 

NC 


Figure 1. Pin Assignment 



ll 0.053(1.35) 
0.047(1.19) 
240836-13 


NOTE: 

Components are mounted 
on both sides of the board. 
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Figure 2. Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative 

to Vss (V|N» Vout) - 1 V to + 7.0V 

Voltage on Power Supply 

Relative to V§s (Vcc) - 1 V to + 7.0V 

Storage Temperature (Tstg) -55°C to + 125°C 

Soldering Temperature • Time 

(Tsolder) 260°C *10 Sec 

Power Dissipation (Pd) 9W 

Short Circuit Output 

Current (Iqut) 50 mA 


NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions " is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


RECOMMENDED OPERATING COI 

EDITIONS (Voltage Referenced to Vss- T A = 

0°C to 70°C) 

Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.4 

— 

Vcc + 1 

V 

V|L 

Input Low Voltage 

-1.0 

— 

0.8 

V 


CAPACITANCE (Ta = 25°C) 


Symbol 

Parameter 

Min 

Max 

Units 

C| (A) 

Input Capacitance (A0-A9) 


75 

PF 

Cdq 

I/O Capacitance 


20 

PF 

Q(W) 

Input Capacitance, Write Control Input 


94 

PF 

Cj (RAS) 

Input Capacitance, RAS Input 


50 

PF 

Cj (CAS) 

Input Capacitance, CAS Input 


40 

PF 

Cj (CASP) 

Input Capacitance, CASP Input 


20 

PF 

Ci (DP) 

Input Capacitance 


15 

PF 

C 0 (QP) 

Output Capacitance 


15 

PF 
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D.C. AND OPERATING CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 


Symbol 

Parameter 

Speed 

Min 

Max 

Units 

Icci 

Operating Current 

(RAS and CAS Cycling @ t R c = Min) 

-08 

-10 


820 

750 

mA 

•CC2 

Standby Current 

RAS = CAS = V| H 



18 

mA 

MS = CAS = V C c -0.2V 



9 

mA 

ICC3 

RAS Only Refresh Current 

(CAS = V| H , RAS Cycling @ t R c = Min) 

1 1 

-j. o 
o oo 


820 

700 

mA 

•CC4 

Fast Page Mode Current 

(RAS = V|l, CAS Cycling @ tpc = Min) 

-08 

-10 


580 

480 

< < 
£ E 

ICC6 

CAS-before-RAS Refresh Current 
(RAS and CAS Cycling @ t R c = Min) 

-08 

-10 


820 

700 

mA 

IlL 

Input Current 

(Any Input 0 ^ Vjn ^ 6.5V 

All Other Pins = OV) 


-120 

120 

fJL A 

loz 

Off State Output Current 

(Data Out is Disabled and 0 ^ Vout ^ 5.5V) 


-20 

20 

ju,A 

VoH 

Output High Voltage Level 
(>OH = -5 mA) 


2.4 

V CC 

V 

Vql 

Output Low Voltage Level 
(l OL = 4.2 mA) 


0 

0.4 

V 


NOTE: 

Iqqi, Iqc 3 , Icc 4 and Icc6 are dependent on output loading and cycle rates. Specified values are obtained with the output 
open. Iqc is specified as average current. 
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A.C. CHARACTERISTICS^- 2 ) (T A = 0°Cto 70°C, V C c = 5V +10%) 


Symbol 

Parameter 

251236-08 

251236-10 

Units 

Notes 

Min 

Max 

Min 

Mas 

tRAC 

Access Time from RAS 


80 


100 

ns 

4,7 

tCAC 

Acces Time from CAS 


20 


25 

ns 

5,7 

tCAA 

Access Time from 

Column Address 


40 


50 

ns 

6,7 

*CPA 

Access Time from CAS 
Precharge 


45 


55 

ns 

7,14 

tCLZ 

Output Low Impedance 

Time from CAS Low 

5 


5 


ns 

7 

tOFF 

Output Disable Time 
after CAS High 

0 

25 

0 

30 

ns 


tREF 

Refresh Cycle Time 


8 


8 

ms 


tT 

Transition Time 

3 

50 

3 

50 

ns 


tRP 

RAS High Pulse Width 

60 


70 


ns 


tCRP 

CAS to RAS Precharge Time 

5 


50 


ns 


tRCD 

RAS to CAS Delay Time 

25 

60 

25 

75 

ns 

9, 10 

tCPN 

CAS High Pulse Width 

35 


35 


ns 


tRAD 

Column Addres Delay 

Time from RAS Low 

20 

40 

20 

50 

ns 

11 

USR 

Row Address Setup 

Time before RAS Low 

0 


0 


ns 


*ASC 

Column Address Time 
before CAS Low 

0 

20 

0 

20 

ns 


tRAH 

Row Address Hold Time 
after RAS LOW 

15 


15 


ns 


tCAH 

Column Address Hold Time 
after CAS Low or W Low 

20 


20 


ns 
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A.C. CHARACTERISTICS^* 2 ) (Continued) (T A = 0°C to 70°C, V cc = 5V ±10%) 


READ AND REFRESH CYCLES 


Symbol 

Parameter 

251236-08 

251236-10 

Units 

Notes 

Min 

Max 

Min 

Max 

tRC 

Read Cycle Time 

150 


180 


ns 


tRAS 

RAS Low Pulse Width 

80 

10K 

100 

10K 

ns 


*CAS 

CAS Low Pulse Width 

20 

10K 

25 

10K 

ns 


tcSH 

CAS Hold Time 
after RAS Low 

80 


100 


ns 


tRSH 

RAS Hold Time after 

CAS Low 

20 


25 


ns 


tRCS 

Read Setup Time 
before CAS Low 

0 


0 


ns 


tRCH 

Read Hold Time 
after CAS High 

0 


0 


ns 

12 

*RRH 

Read Hold Time 
after RAS High 

0 


0 


ns 

12 

tRAL 

Column Address to 

RAS Setup Time 

40 


50 


ns 


tRPC 

Precharge to CAS 

Active Time 

10 


10 

: 


ns 



CAS BEFORE RAS REFRESH CYCLE 


Symbol 

Parameter 

251236-08 

251236-10 

Units 

Notes 

Min 

Max 

Min 

Max 

*CSR 

CAS Set Up Time for CAS 
before RAS Refresh 

- 10 


10 


ns 


tCHR 

CAS Hold Time for CAS 
before RAS Refresh 

30 


30 


ns 


tRPC 

Precharge to CAS 

Active Time 

10 


10 


ns 
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A.C. CHARACTERISTICS (Continued) (T A = 0°C to 70°C, V C c = 5V ±10%) 


WRITE CYCLE (Early Write) 


Symbol 

Parameter 

251236-08 

251236-10 

Units 

Notes 

Min 

Max 

Min 

Max 

twc 

Write Cycle Time 

160 


190 


ns 


*RAS 

RAS Low Pulse Width 

130 

10K 

160 

10K 

ns 


*DS 

Data Setup Time 

0 


0 


ns 


*DH 

Data Hold Time 
after CAS Low 

20 


20 


ns 


tCAS 

CAS Low Pulse Width 

20 

10K 

25 

10K 

ns 


tCSH 

CAS Hold Time 
after RAS Low 

80 


100 


ns 


tRSH 

RAS Hold Time 
after CAS Low 

20 


25 


ns 


twcs 

Write Setup Time 
before CAS Low 

0 


0 


ns 

13 

twCH 

Write Hold Time 
after CAS Low 

20 


20 


ns 


twp 

Write Pulse Width 

15 


20 


ns 
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FAST PAGE MODE CYCLE (Read, Early Write cycles) 


Symbol 

Parameter 

251236-08 

251236-10 

Units 

Notes 

Min 

Max 

Min 

Max 

tpc 

Fast Page Mode 

Cycle Time 

50 


60 


ns 


Iras 

RAS Low Pulse Width 
for Read, Write Cycle 

80 

10K 

100 

10K 

ns 


*cas 

CAS Low Pulse Width 
for Read Cycle 

20 

10K 

25 

10K 

ns 


*CP 

CAS High Pulse Width 

10 

10 

15 

10 

ns 



NOTES: 

1. An initial pause of 500 fxs is required after power-up followed by any 8 RAS-only cycles before proper device operation is 
achieved. 

2. A.C. Characteristics assume tj = 5 ns. 

3. Vm(min) and V||_(max) are reference levels for measuring timing of input signals. Also, transition times are measured 
between V|h (min) and V|L(max). 

4. Assumes that tRCD ^ tRCD( max )> tRAD ^ tRAo( max )- If tRCD (° r tRAD) is greater than the maximum recommended value 
shown in this table tRAc will be increased by the amount that tRQp (or tRAD) exceeds the value shown. 

5- If t R cD 2> tRCD(max), t R AD ^ tRAD(max), and t A sc ^ t A A ~ tcAC - tj, access time is t CA c- 

6. If t R AD ^ tRADtmax) and t AS c ^ t A A - tcAC ~ tj, access time is t AA . 

7. Measured with a load equivalent to two TTL loads and 1 00 pF. 

8. toFF is specified that output buffer changes to high impedance state. 

9. Operation within the tRCD(max) limit insures that tR A c(max) can be met. tRCD(max) is specified as a reference point only; 
if tRCD is greater than the specified tRCD(max) limit, access time is controlled exclusively by tcAC or 1 aa- 

10- tRCD(min) = tR AH (min) + 2tj + t A sc(min). 

1 1 . Operation within the tR A o(max) limit insures that tR A c(max) can be met. tRAD (max) is specified as a reference point 
only; if tR A D is greater than the specified tR A o(max) limit, access time is exclusively controlled by tcAC or t AA . 

1 2. Either tRRR or tRCH must be specified for a read cycle. 

13. tyvcs. tcwD. tRWD and tAWD are non-restrictive operating parameters. They are included in the Data Sheet as Electrical 
Characteristics only. 

14. tcpA is access time from the selection of a new column address (that is caused by changing CAS from “L” to “H”). 
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FAST PAGE MODE READ CYCLE 



V7\ :"H"or"L" 

240836-9 
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CAS BEFORE RAS REFRESH COUNTER TEST CYCLE 
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1.0 OVERVIEW 

This reliability report is based on the combination of 
actual data from all Intel qualified and approved ven- 
dors. This data may vary from lot to lot and under 
different operating conditions encountered by the cus- 
tomer. Intel has published data sheet specifications that 
should be considered in evaluating the performance for 
specific application by the customer. This report does 
not give any assurance that the product is appropriate 
for any specific application as that decision is the re- 
sponsibility of the customer. 

Intel recognizes the need to monitor all contracted 
products to maintain and improve the level of quality 
and reliability consistent with internal goals and cus- 
tomer needs. This is achieved through continuous re- 
view of monitor data from all Intel qualified and ap- 
proved vendors to acheive low defect levels. 


2.0 RELIABILITY TESTS 

High Temperature Dynamic Lifetest 

This test is performed to accelerate failure mechanisms 
that are thermally activated through the application of 
extreme temperatures (125°C) and the use of biased op- 
erating conditions (5.5V). The translation from 125°C 
to 55°C is done by applying time acceleration factors 
based on the thermal activation energy assignments 
noted below. The time acceleration factors from 125°C 
to 55°C are: 3.42 for 0.3 eV, 7.67 for 0.5 eV and 58.96 
for 1.0 eV, based on junction temperature offset for 
power dissipation. 

Failure rate calculations are given for each relevant ac- 
tivation energy. These are made using the appropriate 
activation energy and the Arrhenius Plot as shown in 
Figure 1. The total equivalent device hours at a given 
temperature can be determined. The failure rate is then 
calculated by dividing the number of failures by the 
equivalent device hours and is expressed as a %/1000 
hours. The failure rate is adjusted by a factor related to 
the number of device hours using a chi-square distribu- 
tion to arrive at a confidence level associated failure 
rate. A conservative estimate of the failure rate is ob- 
tained by including zero failures at 0.3 eV, 0.5 eV and 

1.0 eV. In cases where the mechanism of the cata- 
strophic failures cannot be determined, 0.3 eV activa- 
tion energy is assumed. 


When reviewing failure rate projections from different 
sources, it is important to understand the assumptions 
being made. Small changes in details can dramatically 
alter an estimated failure rate. 



Figure 1. Arrhenius Plot 


High Voltage (7V) Dynamic Lifetest 

This test is performed to detect failure mechanisms 
which are accelerated by high voltage (7V) as well as 
high temperature (125°C). It is especially effective in 
accelerating oxide and leakage related failures. The to- 
tal acceleration factor includes the time acceleration 
factors based on the assigned activation energies and 
voltage activation factor of 12.7 (7V to '5.5V). 
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High Temperature/Humidity Lifetest 

This test is performed to evaluate moisture resistance 
characteristics of plastic encapsulated devices. A 1000- 
2000 hour test is performed under static bias conditions 
at 85° C/85 % relative humidity with nominal voltages. 
In order to maximize metal corrosion conditions, the 
biasing configuration is either under low power or no 
power, with alternate pins biased at + 5V or 0V. 


Autoclave (Pressure Cooker) Test 

This test is performed to identify the effects of high 
humidity and heat conditions on the die surface. Steam 
stressing accelerates moisture penetration through the 
plastic package material to the surface of the die, result- 
ing in corrosion of metals. 


High Temperature Storage Test 

High temperature storage (bake) is a test in which de- 
vices are subjected to elevated temperature of 150°C 
with no bias. This test is used to detect mechanical 
reliability problems (e.g., bond integrity) and process 
instability. 


Temperature Cycle Test 

This test consists of cycling the temperature of a cham- 
ber housing device from — 65°C to + 150°C with no 
applied bias. Temperature cycling (1000 cycles) is used 
to detect mechanical reliability problems and micro- 
cracks. 


Electrostatic Discharge Test 

This test is performed to identify device sensitivity to 
electrostatic discharge generated during system opera- 
tion or device handling. All products incorporate ESD 
protection networks on the appropriate pins. 

Soft Error Test (SER) 

Soft error test is performed to identify the effects of 
alpha particles which are emitted in the radioactive de- 
cay of uranium and thorium present in packaging mate- 
rials. Two methods commonly used to measure soft er- 
ror rates are: 1) accelerated testing using alpha particle 
radiation source and 2) real time system level soft error 
testing. 
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3.0 PLASTIC RELIABILITY DATA SUMMARY 
21256 

Number of bits: 262,144 Process: NMOS 

Organization: 256K x 1 Package: 16-Pin PDIP 


Table 1. Reliability Data Summary 


Year 

125°C Dynamic Lifetest 

7V Dynamic Lifetest 

168 Hrs 

500 Hrs 

1000 Hrs 

168 Hrs 

500 Hrs 

1000 Hrs 

1988/89 

3/11250 

0/11247 

2/11248 

9/2400 

5/2391 

3/2386 


Table 2. Failure Rate Predictions 


125°C Actual 

Ea 

Equivalent Hours 

# 

Fail Rate %/ IK Hours 

Device Hours 

(eV) 

at 55°C 

Fail 

(60% UCL) 

2E + 06 

0.3 Bl 

30E + 06 

5 


21 E + 05 

0.3 VAF 

95E + 06 

17 


Total 0.3 eV Failures = 

22 

0.0193 (**) 

1 1 E + 06 

0.5 

85E + 06 

0 

0.0012 

1 1E + 06 

1.0 

643E + 06 

0 

0.0001 



Combined Failure Rate: 

0.0206 




FITs: 

206 


**5.5V and 7V burn-in/lifetest equivalent hours have been combined. 


Thermal Accel. 
Factors 
55°C 

3.42 

7.67 

58.96 


Temp, with Tja 

T (55) = 358K K = 8.62E -05 eV/K 

T (125) =41 IK 

NOTE: 

FIT = Failures in Time. 1 FIT = 1 Failure per 10E + 09 device hours. 

Failure Analysis: 

All failures assumed to be Oxide related. 


0Ja 

Vcc 

ICC @ 55° C 
l cc @ 125°C 
Ice (max) 


90°C/W (Est.) 
5.5V 
60 mA 
20 mA 

75 mA (Spec) 


BI/ELT 

Accel. 

Factors: 


0.3 eV 
0.5 eV 
1.0 eV 


Voltage Accel. Factor (VAF): 12.7 


Table 3. Additional Qualification Tests 


Year 

1000 Hours 
85°C/85% R.H. 

204 Hrs 
Steam 

1000 

Temp Cycles 

150°C/1K Hrs 

High Temp Storage 

1988/89 

9/12552 

(0.07%) 

9/2002 

(0.5%) 

6/8120 

(0.07%) 

0/12200 

(0.0%) 


Table 4. System SER Results 


Vcc 

Cycle Time 

Device Hours 

# of Errors 

FIT (60%) 

5V 

1 JLtS 

1.4M 

0 

654 
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21464 

Number of bits: 262,144 Process: NMOS 

Organization: 64K x 4 Package: 18-Pin PDIP 


Table 1. Reliability Data Summary 


Year 

125°C Dynamic Lifetest 

7V Dynamic Lifetest 

168 Hrs 

500 Hrs 

1000 Hrs 

168 Hrs 

500 Hrs 

1000 Hrs 

1988/89 

3/11250 

0/11247 

2/11248 

8/2370 

3/2362 

0/2359 


Table 2. Failure Rate Predictions 


125°C Actual 

Ea 

Equivalent Hours 

# 

Fail Rate %/1K Hours 

Device Hours 

(eV) 

at 55° C 

Fail 

(60% UCL) 

9E + 06 

0.3 Bl 

30E + 06 

5 


21E + 05 

0.3 VAF 

91E + 06 

11 


Total 0.3 eV Failures = 

16 

0.0104 (**) 

' 11E + 06 

0.5 

84E + 06 

0 

0.0012 

1 1E + 06 

1.0 

645E + 06 

0 

0.0001 



Combined Failure Rate: 

0.0117 




FITs: 

117 


**5.5V and 7V burn-in/lifetest equivalent hours have been combined. 


0Ja 

Vcc 

Ice ® 55°C 
l C c@ 125°C 
Ice (max) 

Temp, with T ja 
T (55) 

T (125) 

N° TE: 

FIT = Failures in Time. 1 FIT = 1 Failure per 10E + 09 device hours. 

Failure Analysis: 

All failures assumed to be Oxide related. 


Table 3. Additional Qualification Tests 



1000 Hours 

204 Hrs 

1000 

150°C/1K Hrs 

T ear 

85°C/85% R.H. 

Steam 

Temp Cycles 

High Temp Storage 

1 QRR /RQ 

6/2310 

2/1320 

5/564 

1/1100 

\ yoo/ oy 

(0.25%) 

(0.15%) 

(0.6%) 

(0.10%) 


= 90°C/W (Est.) 

BI/ELT 

0.3 eV 

Thermal Accel. 
Factors 
55°C 

3.42 

= 5.5V 

Accel. 

0.5 eV 

7.67 

= 60 mA 

Factors: 

1.0 eV 

58.96 

= 20 mA 
= 75 mA (Spec) 

Voltage Accel. Factor (VAF): 12.7 



= 358K K = 8.62E -05 eV/K 

= 41 IK 


Table 4. System SER Result 


Vcc 

Cycle Time 

Device Hours 

# of Errors 

FIT (60%) 

5V 

1 jULS 

1.4M 

0 

630 
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21010 

Number of bits: 1,048,576 Process: CMOS 

Organization: 1M x 1 Package: 18-Pin PDIP 


Table 1. Reliability Data Summary 


Year 

7V Dynamic Lifetest 

168 Hrs 

500 Hrs 

1000 Hrs 

1988/89 

7/2060 

4/2053 

4/2049 


Table 2. Failure Rate Predictions 


125°C Actual 

Ea 

Equivalent Hours 

# 

Fail Rate %/1K Hours 

Device Hours 

(eV) 

at 55°C 

Fail 

(60% UCL) 

19E + 05 

0.3 :| 

82E + 06 

15 

0.0204 

19E + 05 

0.5 

15E + 06 

0 

0.0070 

19E + 05 

1.0 

1 12E + 06 

0 

0.0009 



Combined Failure Rate: 

0.0283 




FITs: 

283 


0Ja 

= 90°C/W (Est.) 

BI/ELT 0.3 eV 

Thermal Accel. 
Factors 
55°C 

3.42 

Vcc 

= 5.5V 

Accel. 0.5 eV 

7.67 

ICC @ 55°C 

= 60 mA 

Factors: 1 .0 eV 

58.96 

l C c@ 125°C 

Ice (max) 

= 20 mA 
= 75 mA (Spec) 

Voltage Accel. Factor (VAF): 12.7 


Temp, with Tja 

T (55) 

= 358K 

K = 8.62E -05 eV/K 


T (125) 

NOTE: 

= 41 IK 



FIT = Failures in Time. 

1 FIT = 1 Failure per 10E + 09 device hours. 



Failure Analysis: 

All failures assumed to be Oxide related. 


Table 3. Additional Qualification Tests 


Year 

1000 Hours 
85°C/85% R.H. 

204 Hrs 
Steam 

1000 

Temp Cycles 

150°C/1K Hrs 

High Temp Storage 

1988/89 

9/2410 

(0.3%) 

1/2420 

(0.04%) 

1/1906 

(0.05%) 

3/2140 

(0.14%) 


Table 4. System SER Result 


Vcc 

Cycle Time 

Device Hours 

# of Errors 

FIT (60%) 

5V 

1 juts 

1.2M 

0 

763 


3-164 







RR-62 


inteT 


Table 5. Latch-Up/ESD Test Results 


# of Runs 

Sample Size 

Latch-Up Level 

ESD Level 

5 

25 Units 

>125 mA 

> 2500V 


SOJ Package Qualification Data Summary 



1000 Hours 

204 Hours 

1000 

year 

85°C/85% R.H. 

Steam 

Temp Cycles 

1 Qflfl /RQ 

1/645 

2/504 

1/300 

i yoo/oy 

(0.16%) 

(0.4%) 

(0.3%) 


21014 

Number of bits: 1,048,576 Process: CMOS 

Organization: 256K x 4 Package: 20-Pin PDIP 


Table 1. Reliability Data Summary 


Year 

High Voltage (7V) Dynamic Lifetest 

168 Hrs 

500 Hrs 

1000 Hrs 

1989 

3/600 

1/597 

0/597 


Failure Rate Prediction: 

Due to small number of actual device hours on this new product, a detailed reliability prediction would not be meaningful. 


Table 2. Additional Qualification Tests 


Year 

1000 Hours 
85°C/85% R.H. 

204 Hrs 
Steam 

1000 

Temp Cycles 

150°C/1K Hrs 

High Temp Storage 

1989 

1/250 

(0.40%) 

1/500 

(0.20%) 

0/250 

(0.0%) 

0/500 

(0.0%) 
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APPENDIX A 

COMMON MOS FAILURE MECHANISMS 


Oxide Defects 

Oxide defects can cause dielectric breakdown in MOS 
structures, resulting in an electrical short. Oxide dielec- 
tric breakdown is dependent on time, ambient tempera- 
ture and operating voltage. Oxide defects could be in- 
duced by excessively thin oxide, polarization and con- 
tamination. The activation energy for Oxide defects is 
determined to be 0.3 eV. 


Silicon Defects 

Silicon defects are inherent in the unprocessed silicon 
wafers and may also be generated by stresses on the 
lattice during MOS processing. These silicon defects en- 
hance parasitic leakage when they become active by 
“gettering” contaminants. The activation energy for sil- 
icon defects is determined to be 0.5 eV. 


Refresh Degradation 

In general, refresh failures are the result of degradation 
of random single bits caused by localized carrier gener- 
ation. A localized silicon defect can act as a gathering 
site for contaminants and if this defect is located near a 
storage cell, it can cause this isolated cell to have poor 
refresh characteristics. The activation energy of refresh 
degradation is 0.5 eV. 


Contamination 

MOS circuits can fail due to threshold voltage (Vt) 
shifts when subjected to mobile ionic contamination. 
This ionic contamination reaches critical circuits 
through passivation defects subsequent to wafer pro- 
cessing. Sodium is the most common species of ionic 
contamination. The activation energy of ionic contami- 
nation is 1.0 eV. 


Metallization Defects 

Metallization defects (defects relating to metal conduc- 
tor paths on the semiconductor die) can occur due to 
metal contamination, excess current density (electromi- 
gration) in the conductors, microcracks caused by 
sharp oxide steps and overalloying due to migration of 
metal through the semiconductor’s contact. The activa- 
tion energy is 0.5 eV. 


Soft Errors 

Soft errors refer to random non-recurring single bit er- 
rors and can be generated by noise in the device or 
system or by impact ionization from alpha particles. 
Alpha particles originating in the package penetrate the 
die surface, sometimes generating sufficient charge to 
switch the logic state of a cell. Soft error rates can be 
reduced by using low alpha packaging materials, die 
coating to prevent alpha particles from reaching the 
chip surface and optimal circuit designs to resist alpha 
particle disturbances. 
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Static RAMs 

(Random Access Memories) 





infer 

5116S/L 

2K x 8-BIT CMOS STATIC RAM 



5116S-10 

5116S-12 

Unit 

Address Access Time (t^A) 

100 

120 

. ns 

Chip Select Access Time (tAcs) 

100 

120 

ns 

Output Enable Access Time (toE) 

40 

50 

ns 


■ Static Operation 

— No Clock/Refresh Required 

■ Equal Access and Cycle Times 
— Simplifies System Design 

■ Single + 5V Supply 


■ Power Down Mode 

■ TTL Compatible 

■ Common Data Input and Output 

■ High Reliability 24-Pin 600 Mil PDIP 
Package 


The 5116S is a 2048-word by 8-bit CMOS static RAM fabricated using CMOS Silicon Gate process. 


When the Chip Select is brought high, the device assumes a standby mode in which the standby current is 
reduced to 2 ju,A (max). The 5116S has a data retention mode that guarantees that data will remain at 
minimum power supply voltage of 2.0V. 


Block Diagram Pin Connections 




Pin Names 


Ao-Aiq 

Address Input 

d 0 -d 7 

Data Input/Output 

CS 

Chip Select Input 

We 

Write Enable Input 

OE 

Output Enable Input 

V CC 

Power 

GND 

Ground 
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Device Operation 

The 5116S has two control inputs: Chip Select (CS) 
and Write Enable (WE). CS is the power control pin 
and should be used for device operation. WE is the 
data control pin and should be used to gate data at 
the I/O pins. 


Standby Power 

The 51 16S is placed in a standby or reduced power 
consumption mode by applying a high (Vm) to the 
CS input. When in standby mode, the device is dese- 
lected and the outputs are in a high impedance 
state, independent of the WE input. 


Write Mode 

Write Cycles may be controlled by either WE or CS. 
In either case, both WE and CS must be high (Vm) 
during address transitions. During a WE Controlled 
write cycle, CS must be held low (V||_) while WE is 
low . Address transfers occur on the falling edge of 
WE and the data transfers on rising edge of WE. 
During a CS controlled cycle, WE must be held low 
(V|[_) while CS is low. The addresses are then trans- 
ferred on the Jailing edge of CS and data on the 
rising edge of CS. Data, in both cases, must be valid 
for a time tow before the controlling input is brought 
high (Vm) and remain valid for a time tpH after the 
controlling input is high. 


Table 1. Mode Selection Truth Table 


CS 

We 

Of 

Mode 

I/O 

Power 

H 

X 

X 

Standby 

High Z 

Standby 

L 

L 

X 

Write 

Din 

Active 

L 

H 

L 

Read 

d OUT 

Active 

L 

X 

H 

Read 

High Z 

Active 


Read Mode 

CS must be low (V|[_) and WE must be high (Vm) to 
activate a read cycle and obtain data at the outputs. 
Given stable addresses, valid data is available after 
a time t^A- 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative 

to Ground (V|n, Vqut) -0.3V to + 7 V 

Storage Temperature (T s tg) -55°C to + 1 50°C 

Power Dissipation (Pd) 1 .0W 

DC Continuous Output Current (Iqs) 50 mA 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“ Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions " 
may affect device reliability. ^ 


RECOMMENDED OPERATING CONDITIONS Voltage referenced to Vss, Ta = 0°Cto70°C 


Symbol 

Parameter 

Min 

Typ 

Max 

Unit 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.2 


Vcc + 0.3 

V 

V|L 

Input Low Voltage 

-0.3 


0.8 

V 


NOTE: 

1. During transitions, the inputs may undershoot to -3.5V for periods less than 20 ns. 


CAPACITANCE T A = 25°C,f = 1.0 MHz 


Symbol 

Parameter 

Min 

Max 

Unit 

C|N1 

Input Capacitance (Vin = 0V) 


6 

PF 

C OUT 

Output Capacitance (Vqut = 0V) 


8 

PF 


NOTE: 

This parameter is sampled and not 100% tested. 
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D.C. AND OPERATING CHARACTERISTICS 

Recommended Operating Conditions unless otherwise noted 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Test Conditions 

ICGI 

Operating Current 


30 

40 

mA 

Vcc = Max, C§ = V| L 
Outputs open 

•CC2 

Dynamic Current 


30 

60 

mA 

T C yc = Min, Vcc = Max 
Outputs open 

ISB 

Standby 

Current 




3 

mA 

CS = V,H 

>SB1 

STD 


4 

50 

jitA 

OS ^ Vcc - 0.2V 


L 


0.2* 

2 

V|n = GND to Vcc 

Ili 

Input Load Current 

-1 


1 

juA 

Vcc = Max 

V|n = GND to Vcc 

>LO 

Output Leakage 

-1 


1 

jiA 

CS = V|h, Vcc = Max 
v OUT = OND to Vcc 

VoH 

Output High Voltage 

2.4 



V 

Iqh -—1.0 mA 

VqL 

Output Low Voltage 



0.4 

V 

Iql = 2.1 mA 


*T a = 25°C 


DATA RE 


ENTION ELECTRICAL CHARACTERISTICS 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

VcDR 

Voltage for Data Retention 


2 



V 


Data Retention Current 

CS S Vcc - 0.2V 
V| N ^ V CC - 0.2V 





moduli 

Chip Deselect to 

Data Retention Time 






tR 

Operation Recovery Time 





ns 


Low Vcc Data Retention Waveform 



240571-3 
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A.C. TEST CONDITIONS 

Input Pulse Levels 0.8V to 2.4V 

Input Rise and Fall Times 1 0 ns 


Timing Reference Level 1.5V 

Output Load 1 TTL Load + 100 pF 


A.C. CHARACTERISTICS T A = 0°C to 70°C, V C c = 5V ±10% 

READ CYCLE 


Symbol 

Parameter 

51 16S-10 

5116S-12 „ 

Unit 



Min Max 

Min Max 

tRC 

READ Cycle Time 

100 

120 ns 

Ua 

Address Access Time 

100 

120 ns 

Ucs 

Chip Select Access Time 

100 

120 ns 


Output Hold from 
Address Change 

Chip Selection to 
Output in Low Z 


Chip Deselection to 
Output in High Z 


Output Enable 
Access Time 

Output Enable to 
Output in Low Z 


4 


DATA VALID 
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READ CYCLE NO. 2d. 2, 4) 












5B3B 


I'jvi'im 


kXtw7 \ < 

mm 


240571-5 


READ CYCLE N0.3d.3,4) 


% 


I 


-t 0 H - 


m 


NOTES: 

1. WE is high for READ Cycle. The first transitioning address. 

2. Device is continuously selected; CS = Vi^ 

3. Address valid prior to or coincident with CS transition low. 

4. OE = V| L . 

5. Transition is measured at ±500 mV from steady state voltage. 


A.C. CHARACTERISTICS T A = 0°Cto 70°C, V C c = 5V ±10% (Continued) 

WRITE CYCLE 


Symbol 

Parameter 

5116S-10 

5116S-12 

Unit 

Min 

Max 

Min 

Max 

*WC 

WRITE Cycle Time 

100 


120 


ns 

tew 

Chip Selection to 

End of Write 

65 


70 


ns 

tAW 

Address Valid to 

End of Write 

80 


105 


ns 

*AS 

Address Set-Up Time 

0 


0 


ns 

t W p 

Write Pulse Width 

60 


70 


ns 


Write Recovery Time 

10 


10 


ns 

*DW 

Data Valid to End 
of Write 

30 




ns 

tDH 

Data Hold Time 

10 


10 


ns 

%HZ 

Write Enable to 

Output in High Z 

0 

30 

0 

35 

ns 

tow 

Output Active from 

End of Write 

10 


10 


ns 

tOHZ 

Output Disable to 

Output in High Z 

0 

40 

0 

40 

ns 
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WRITE CYCLE NO. Id) 



WRITE CYCLE NO. 2d. 6) 



NOTES: 

1 . WE must be high during address transitions. _ 

2. A Write occurs during the overlap (twp) of a low CS and a low WE. 

3. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

4. Duringjhis period, I/O pins are in tri-state. _ _ _ 

5. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in tri- 

state. 

6. OE is continuously low (OE = V|i_). 

7. d out is same phase of write data on this write cycle. 

8. Pout is the read data of next address. 

9. If CS is low during this period, I/O pins are in output state. 

10. Transition is measured at ±500 mV from steady state voltage. 
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PACKAGE OUTLINE 

24-DIP 




Normal 

Shrink 

© 

13.2 ±0.25 

6.35 ±0-2 

<D 

31.0 ±0.3 

22.0 ± 0-25 

<D 

15.24TYP. 

7.62TYP. 

© 

4.25 ±0-2 

3.45 ±0.2 

© 

5.1 ±0.2 

4.2 + 0.2 


P-2.54TYP. 

P-1.778TYP. 

© 

0.5±0.1 

0.46 ±0.1 
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intel® 

5164S/L 

8K x 8-BIT CMOS STATIC RAM 



5164S/L-07 

5164S/L-10 

Units 

Address Access Time (t^A) 

70 

100 

ns 

Chip Select Access Time (tACs) 

70 

100 

ns 

Output Enable Access Time (toE) 

35 

55 

ns 


■ Static Operation 

— No Clock/Refresh Required 

■ Equal Access and Cycle Times 
— Simplifies System Design 

■ Single + 5V Supply 


■ Power Down Mode 

■ TTL Compatible 

■ Common Data Input and Output 

m High Reliability 28-Pin 600 Mil PDIP and 
28-Pin SOP Package Types 


The 5164S/L is a 8192-word by 8-bit CMOS static RAM fabricated using CMOS Silicon Gate process. 

The 5164S/L is placed in a standby or reduced power consumption mode by asserting either CS input (CSi, 
CS 2 ) false. When in standby mode, the device is deselected and the outputs are in a high impedance state, 
independent of the WE input. When device is deselected, standby current is reduced to 100 jllA (max). The 
device will remain in standby mode until both pins are asserted true again. The device has a data retention 
mode that guarantees that data will remain valid at minimum Vqo of 2.0V. 


Block Diagram 



Pin Connections 


NC 

A 12 

Ay 

A 6 

a 5 

a 4 

a 3 

a 2 

A 1 

A o 

D 0 

Dl 

D 2 

GND 


240570-2 



Pin Names 


Ao-A -12 

Address Input 

D 0 -D? 

Data Input/Output 

CSt 

Chip Select One 

CS 2 

Chip Select Two 

We 

Write Enable 

OE 

Output Enable 

v cc 

Power 

GND 

Ground 
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Device Operation 

The 5164S/L has three control inputs: Two Chip Se- 
lects (CS 1f CS 2 ) and Write Enable (WE). WE is the 
data control pin and should be used to gate data at 
the I/O pins . A write cycle starts at the lowest tran- 
sition of CS-j, low WE or high CS 2 and ends at the 


earliest transitiion of CS^, high WE or low CS 2 . Out 
Enable (OE) is used for precise control of the out- 
puts. 

The availability of active high and active low chip 
enable pins provides more system design flexibility 
than single chip enable devices. 


Table 1. Mode Selection Truth Table 


CS! 

cs 2 

We 

OE 

Mode 

I/O 

Power 

H 

X 

X 

X 

Standby 

High Z 

Standby 

X 

L 

X 

X 

Standby 

High Z 

Standby 

L 

H 

L 

X 

Write 

□in 

Active 

L 

H 

H 

L 

Read 

d out 

Active 

L 

H 

H 

H 

Read 

High Z 

Active 


ABSOLUTE MAXIMUM RATINGS 

Voltage on Any Pin 

Relative to Ground (Vin, Vqut) -0.3V to 7V 

Storage Temperature (Tstg) -55°C to + 150°C 

Power Dissipation (Pd) 1 .0W 

DC Continuous Output Current (Iqs) 50 mA 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 

Voltage referenced to Vss> Ta = 0°C to 70°C 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.2 

— 

Vcc + 0.3 

V 

V|L 

Input Low Voltage 

-0.3 

— 

0.8 

V 


NOTE: 

1. During transitions, the inputs may undershoot to —3.5V for periods less than 20 ns. 


CAPACITANCE T A = 25°C, f = 1.0 MHz 


Symbol 

Parameter 

Min 

Max 

Units 

C|N1 

Input Capacitance (V|n = 0V) 

— 

6 

PF 

COUT 

Output Capacitance (Vqut = 0V) 

— 

8 

PF 


NOTE: 

This parameter is sampled and not 100% tested. 
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D.C. AND OPERATING CHARACTERISTICS 

Recommended Operating Conditions unless otherwise noted 


Symbol 

Parameter 

Min 

Typ* 

Max 

Units 

Test Conditions 

icci 

Operating Current 

— 

30 

40 

mA 

CST = V| L , CS2 = V| H 

I/O Open, Vqq = Max 

>CC2 

Dynamic Current 

— 

30 

60 

mA 

Tcyc = Min, Vqq = Max 

I/O Open 

•SB 




— 

3 

mA 

CST = V| H or CS2 = V| L 

ISBI 

Standby 

Current 

STD 


0.02 

2 

mA 

CST ^ Vqc - 0.2V 


L 

— 

2 

100 

jllA 

V|N ^ Vqq - 0.2V or V| N < 0.2V 

>SB2 

STD 


0.02 

2 

mA 

CS2 ^ Vqq - 0.2V 



L 

— 

2 

100 

jjlA 

V|n ^ Vqq - 0.2V or V| N £ 0.2V 

'U 

Input Load Current 

-1 

— 

1 

i 

juA 

V cc = Max 

V|n = GND to Vcc 

>LO 

Output Leakage 

-1 

— 

1 

juA 

CST = V,H, CS2 = V| L 

Vout = Ground to Vqq 

V OH 

Output High Voltage 

2.4 

— 

— 

V 

Ioh r= ~ 1 -0 mA 

VOL 

Output Low Voltage 

— 

— 

0.4 

V 

Iql = 2.1 mA 


*V CC = 5V, T a = 25°C 


DATA R 


ETENTION ELECTRICAL CHARACTERISTICS 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Test Conditions 

VCDR 

Voltage for Data Retention 

2 


— 

V 


•CCDR 

Data Retention Current 


— 

1 

/xA 

CST :> Vqq - 0.2V 

V| N ^ Vqq - 0.2VorV| N <: 0.2V 


— 

1 

/xA 

CS2 < 0.2V 

V|N ^ V cc - 0.2V or V| N <: 0.2V 

tCDR 

Chip Deselect to 

Data Retention Time 

0 

— 

— 

ns 


tR 

Opeation Recovery Time 

tRC** 

— 

— 

ns 



**tRc = Read Cycle Time 
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A.C. TEST CONDITIONS 


Input Pulse Levels 

Input Rise and Fall Times 
Timing Reference Level . 
Output Load 


0.8V to 2.4V 

5 ns 

,1.5V 

1 TTL Load + 100 pF 


A.C. CHARACTERISTICS 

T a = 0°C to 70°C, V cc = 5V ±10% 


READ CYCLE 


Symbol 

Parameter 

5164S/L-07 

5164S/L-10 

Units 

Min 

Max 

Min 

Max 

tRC 

READ Cycle Time 

70 


100 


ns 

*AA 

Address Access Time 


70 


100 

ns 

UCS 

Chip Select Access Time* 


70 


100 

ns 

*OH 

Output Hold from 

Address Change 

10 


10 


ns 

tCLZ 

Chip Selection to 

Output in Low Z* 

5 


10 


ns 

tCHZ 

Chip Deselection to 

Output in High Z* 

0 

30 

0 

35 

ns 

*OE 

Output Enable Access Time 

35 


55 


ns 

tOLZ 

Output Enable to 

Output in Low Z 

5 


5 


ns 

k)HZ 

Output Disable to 

Output in High Z 

0 

30 

0 

35 

ns 


^Timing parameters referenced to both CS1 and CS2. 


4-13 




■rvteT 


5164S/L 


TIMING DIAGRAMS 

READ CYCLE id. 2, 4) 



READ CYCLE 2d. 3, 4, 6) 


READ CYCLE 3d. 4. 7) 



*ACS2 

i 

t CHZ2 w 


■* l CLZ2 H 




cror 

Data Valid 

) 


I 



READ CYCLE 4(D 



NOTES: 

1 . WE is high for READ cycle. __ 

2. Device is continuously selected CS1 = Vn_ a nd CS2 = Vm- 

3. Address valid prior to or coincident with CS1 transition low. 

4. OE = V !L . 

5. Transition is measured ±500 mV from steady state. This parameter is sampled and not 100% tested. 

6. CS2 is high. 

7. CS1 is low. 
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A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


Symbol 

Parameter 

5164S/L-07 

5164S/L-10 

Units 

Min 

Max 

Min 

Max 

twc 

Write Cycle Time 

70 


100 


ns 

tew 

Chip Selection to 

End of Write 

60 


70 


ns 

tAW 

Address Valid to 

End of Write 

60 


80 


ns 

tAS 

Address Set-Up Time 

0 


0 


ns 

twp 

Write Pulse Width 

40 


60 


ns 

tWR 

Write Recovery Time 

10 


15 


ns 

(dw 

Data Valid to End 
of Write 

30 


40 


ns 

tDH 

Data Hold Time 

0 


15 


ns 

tWHZ 

Write Enable to 

Output in High Z 

0 

30 

0 

35 

ns 

tow 

Output Active from 

End of Write 

5 


10 


ns 

tOHZ 

Output Disable to 

Output in High Z 

0 

30 

0 

35 

ns 


WRITE CYCLE 1(1) 


Address 


X 


* 7ZZZZZZL T 


a, SSSSSSSSSSS^gK 


cs 2 ZZZZZZZZ2ZZZZZZZ7 


WE 


WHZ (4 10) 


-t nwi (ii)- 


(5) 


t CW2 (11)“ 




D ° tg ° ut 


-t WP ( 2 )- 


X 


M2zzmzmzzL 


X 


WR1 (3) 




l WR2 (3) 


T 


Data In 


Data In Valid 


wjmm 
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WRITE CYCLE 2(1.6) 



NOTES: 

1 . WE must be high during address transitions. 

2. A write occurs during the overlap (twp) of a low CS, a high CS, and a low WE. 

3. twR is measured from the earlier of CS or WE going high or CS going low to the end of write cycle. 

4. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be 

applied. 

5. If the CS low transition or the CS high transition occurs simultaneously with the WE low transitions or after the WE 
transition, outputs remain in_a high impedance state. 

6. OE is continuously low (OE = Vil) 

7. Dout >s the same phase of write data of this write cycle. 

8. Dqjjj is the read data of next address. 

9. If CS is low and CS is high during this period, I/O pins are in the output state. Then the data input signals of opposite 
phase to the outputs must not be applied to them. 

10. Transition is measured ±500 mV from steady state. This parameter is sampled and not 100% tested. 

11. tow is' measured from the later of CS going low or CS going high to the end of write. 


PACKAGE OUTLINE 
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infer 

51256S/L 

32K x 8-BIT CMOS STATIC RAM 



51256S/L-07 

51256S/L-10 

Unit 

Address Access Time (tAA) 

70 

100 

ns 

Chip Select Access Time (tAcs) 

70 

100 

ns 

Output Enable Access Time (toE) 

40 

50 

ns 


■ Static Operation 

— No Clock/Refresh Required 

■ Equal Access and Cycle Times 
— Simplifies System Design 

■ Single + 5V Supply 

The 51256S/L is a 32768-word by 8-bit CMOS static 


■ Power Down Mode 

■ TTL Compatible 

■ Common Data Input and Output 

■ High Reliability 28-Pin 600 Mil PDIP and 
28-Pin SOP Package Types 

RAM fabricated using CMOS Silicon Gate process. 


When the Chip Select is brought high, the device assumes a standby mode in which the standby current is 
reduced to 100 jmA (max). The device has a data retention mode that guarantees that data will remain valid at 
minimum Vcc of 2.0V. 


Functional Block Diagram 



240572-1 


Pin Connections 



240572-2 


Pin Names 

Ao-A-14 Address 
Dq-D 7 Data Input/Output 

CS Chip Select 
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Device Operation 

The 51256S/L has two control inputs: Chip Select 
(CS) and Write Enable (WE). CS is the power control 
pin used for device operation. WE is the data control 
pin used to gate data at the I/O pins. Out Enable 
(OE) is used for precise control of the outputs. 


ABSOLUTE MAXIMUM RATINGS 

Voltage on Any Pin 

Relative to Ground (V|n, Vqut) -0.3V to 7V 

Storage Temperature (Tstg) — - 55°C to + 1 50°C 

Power Dissipation (Pd) 1 .0W 

DC Continuous Output Current (Iqs) 50 mA 


Table 1. Mode Selection Truth Table 


CS 

We 

OE 

Mode 

I/O 

Power 

H 

X 

X 

Standby 

High Z 

Standby 

L 

X 

H 

Read 

High Z 

Active 

L 

H 

L 

Read 

Dout 

Active 

L 

L 

X 

Write 

Din 

Active 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 

Voltage referenced to Vss. Ta = 0°C to 70°C 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Ground 

Vss 

0 

0 

0 

V 

Input High Voltage 

V|H 

2.2 


V CC + 0.5 

V 

Input Low Voltage 

V,L 

-0.3 


0.8 

V 


NOTE: 

V|l (Min) = -3.0V for 20 ns pulse. 


CAPACITANCE T A = 25°c, f = 1.0 MHz 


Symbol 

Parameter 

Min 

Max 

Unit 

C|N1 

Input Capacitance (Vin = 0V) 


8 

PF 

CqUT 

Output Capacitance (Vqut = 0V) 


10 

PF 


NOTE: 

This parameter is sampled and not 100% tested. 
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D.C. AND OPERATING CHARACTERISTICS 

Recommended Operating Conditions unless otherwise noted 


Symbol 

Parameter 

Min 

Typ* 

Max 

Units 

Test Conditions 

•cci 

Operating Current 


35 

40 

mA 

Vqc — Max, CS = V, L 

I/O Open 

JCC2 

Dynamic Operating 

Current 


35 

60 

mA 

Min Cycle, CS = V||_ 

Vcc = Ma x » I/O Open 

■SB 




— 

3 

mA 

CS= V,H 

ISB-i 

Standby Current 

Std. 

— 

— 

1 

mA 

CS = Vcc 2 0.2V 



L 

— 

2 

100 

jllA 

Ili 

Input Load Current 

-1 


1 

jllA 

Vqc = Max 

V||\j = GNDtoVcc 

•lo 

Output Leakage 

-1 


1 

juA 

CS = V,H 

Vqut = Ground to Vqq 

VOH 

Output High Voltage 

2.4 



V 

l 0H = - 1 .0 mA 

VOL 

Output Low Voltage 



0.4 

V 

Iql = ~2.1 mA 


*Vcc = 5V, T a = 25°C 


DATA RETENTION ELECTRICAL CHARACTERISTICS 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Test Conditions 

VCDR 

Voltage for Data Retention 

2 



V 


>CCDR 

Data Retention Current 


2 

50 

ju,A 

CS ;> Vqc - 0.2V 
Vqc = 3.0V 

tCDR 

Chip Deselect to 

Data Retention Time 

0 



ns 


tR 

Operation Recovery Time 

tRC** 



ns 



* *tpc = Read Cycle Time 
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A.C. TEST CONDITIONS 

Input Pulse Levels 0.8V to 2.4V 

Input Rise and Fall Times 5 ns 

Timing Reference Level 1 .5V 

Output Load 1 TTL Load + 100 pF 

A.C. CHARACTERISTICS 

T a = 0°C to 70°C, Vcc = 5V ±10% 


READ CYCLE 


Symbol 

Parameter 

51256S/L-07 

51256S/L-10 

Unit 

Min 

Max 

Min 

Max 

tRC 

READ Cycle Time 

70 


100 


ns 

tAA 

Address Access Time 


70 


100 

ns 

Ucs 

Chip Select Access Time 


70 


100 

ns 

*OH 

Output Hold from 

Address Change 

10 


10 


ns 

*CLZ 

Chip Selection to 

Output in Low Z 

5 


10 


ns 

tCHZ 

Chip Deselection to 

Output in High Z 

0 

35 

0 

35 

ns 

tOE 

Output Enable Access Time 


40 


50 

ns 

*OLZ 

Output Enable to 

Output in Low Z 

5 


5 


ns 

*OHZ 

Output Disable to 

Output in High Z 

0 

35 

0 

35 

ns 
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TIMING DIAGRAMS 

READ CYCLE(I) 



NOTES: 

1 . WE is high for Read Cycle. 

2. Device is continuously selected, CS = V||_. 

3. Address valid prior to or coincident with CS transition low. 

4. OE = V !L . 

5. Transition is measured ±500 mV from steady. This parameter is sampled and not 100% tested. 
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A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


Symbol 

Parameter 

51256S/L-07 

51256S/L-10 


Min 

Max 

Min 

Max 

twc 

WRITE Cycle Time 

70 


100 


ns 

*CW 

Chip Selection to 

End of Write 

45 


80 



*AW 

Address Valid to 

End of Write 

65 


80 


n 

tAS 

Address Set-Up Time 

0 


0 


ns 

twp 

Write Pulse Width 

45 


70 


ns 

*WR 

Write Recovery Time 

5 


5 


ns 

tDW 

Data Valid to End 
of Write 

30 


40 



l DH 

Data Hold Time 

0 


0 


ns 

tWHZ 

Write Enable to 

Output in High Z 

0 

40 

0 

35 

ns 

tow 

Output Active from 

End of Write 

5 


10 


ns 

tOHZ 

Output Disable to 

Output in High Z 

0 

35 

0 

35 

ns 


WRITE CYCLE Id) 
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WRITE CYCLE 20> 6) 



NOTES: 

1 . WE must be high during all address transitions. 

2. A write occurs during the overlap (tyyp) of a lo w CS and low WE. 

3. twR is measured from the earlier of CS or WE going high to the end of write cycle. 

4. During this period, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not be 

applied. _ __ 

5. If the CS low transition occurs simultaneously with the WE low transitions or after the WE transition, outputs remain in a 
high impedance state. 

6. OE is continuously low (OE = V|i_). 

7. d OUT is the same phase of write data of this write cycle. 

8. Ppm is the read data of next address. 

9. If CS is low during this period, I/O pins are in the output state. Then the data input signals of opposite phase to the output 
must not be applied to them. 

10. Transition is measured ±500 mV from steady state. This parameter is sampled and not 100% tested. 


PACKAGE OUTLINE 
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Intel 

51C68 

HIGH SPEED CHMOS 4096 x 4-BIT STATIC RAM 



51C68-30 

51C68-35 

51C68-35L 

Max. Access Time (ns) 

30 

35 

35 

Max. Active Current (mA) 

90 

90 

65 

Max. Standby Current (mA) 

10 

10 

5 


H Double Metal CHMOS III Technology 
H Completely Static Memory-No Clock 
m Equal Access & Cycle Times 
H Single +5V Supply 
m Automatic Power Down 
■ 0.8-2.0V Output Timing Reference 


m High Density 20-Pin Package 

m Directly TTL Compatible 
All Inputs and Outputs 

@ Common Data Input & Output 
m Three-State Output 
m 2148H Upgrade 


The Intel 51C68 is a 16,384-bit Static Random Access Memory organized as 4096 words x 4-bits. This 
memory is fabricated using Intel’s high performance double metal CHMOS III technology, with a full CHMOS 
6T cell. This state of the art technology with HMOS III scaled transistors brings high performance to CMOS 
Static RAMs. The design of the 51C68 offers a 4X density improvement over the industry standard 2148H with 
improved performance. 

CS controls the power down feature. In no more than a cycle time after CS goes high (deselecting the 51C68), 
the part automatically reduces its power requirements and remains in this low power standby mode as long as 
CS remains high. This device feature can result in system power savings as great as 90% in larger systems 
where the majority of devices are deselected. Its non-power down companion, the 51C69, is available to 
provide a fast chip select access time for speed critical applications. 

The 51C68 is assembled in a 20-pin plastic or cerdip, 300 mil package configured with the industry standard 
4K x 4 pinout. It is directly TTL compatible in all respects: inputs, outputs and a single + 5V supply. The data is 
read out nondestructively and has the same polarity as the input data. 


Pin Configuration 


Logic Symbol 



— 

AO 


- 

A1 

I/O, 

— 

A2 


- 

A3 

l/0 2 

— 

A4 


- 

A5 

l/0 3 

— 

A6 


- 

A7 

l/0 4 

— 

A8 


— 

A9 


— 

A10 


— 

All 

WE CS 


rr 


Pin Names 


A0-A11 

Address Inputs 

WE 

Write Enable 

CS 

Chip Select 

I/OH/O4 

Data Input/Output 

Vcc 

Power ( + 5 V) 

GND 

Ground 



Truth Table 


CS 

WE 

Mode 

I/O 

Power 

H 

X 

Not Selected 

High-Z 

Standby 

L 

L 

Write 

Din 

Active 

L 

H 

Read 

Dqut 

Active 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under Bias - 1 0°C to + 85°C 

Storage Temperature Cerdip -65°C to + 1 50°C 

Storage Temperature Plastic -65°C to + 1 25°C 

Voltage on Any Pin with 

Respect to Ground -2.0V to + 7V( 4 ) 

D.C. Continuous Output Current 20 mA 

Power Dissipation 1 .0W 


D.C. AND OPERATING CHARACTERISTICS^) 

Ta = 0°C to + 70°C, Vqc = +5V ±10% unless otherwise noted 


Symbol 

Parameter 

Notes 

Min 

Typ( 2 ) 

Max 

Unit 

Test 

Conditions 

Ili 

Input Load Current 
(All Input Pins) 



0.01 

1 

juA 

Vqc = Max, V|n = GND to Vqq 

! lo 

Output Leakage Current 



0.1 

10 

juA 

CS = V|n, Vqq = Max, 

VoUT = GND to Vqq 

Icc 

Operating Current 

5 


60 

90 

mA 

Vqq = Max, CS = V||_, 

Outputs Open 

Isb 

Standby Current 

6 


3 

10 

mA 

Vqq = Min to Max, CS = Vm 

VlL 

Input Low Voltage 

4 

-0.5 


0.8 

V 


V| H 

Input High Voltage 


2.0 


6.0 

V 


V 0 L 

Output Low Voltage 




0.4 

V 

Iol = 8 mA 

VoH 

Output High Voltage 


2.4 



V 

l 0 H = -4 mA 

•os 

Output Short Circuit Current 

3 

-300 


+ 300 

mA 

Vqq = Max, V|N = GND to Vqq 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the " Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
‘‘Operating Conditions” is not recommended and ex- 
tended exposure beyond the ‘‘Operating Conditions” 
may affect device reliability. 


NOTES: 

1 . The operating ambient temperature range is guaranteed with transverse air flow exceeding 400 linear feet per minute. 
Typical thermal resistance values of the package at maximum temperatures are: 

For Cerdip 0ja (@ 400 fpm air flow) = 40° C/W 
0j A (still air) = 70° C/W 
0jC = 25° C C/W 

For Plastic 0ja (@ 400 fpm air flow) = 70° C/W 
0j A (still air) = 109° C/W 
0jC = 42° C/W 

2. Typical limits are at Vqc = 5V, Ta = + 25°C with load shown in Figure 2. 

3. Output shorted for no more than 1 sec. No more than one output shorted at any time. 

4. Minimum DC input voltage is -0.5V. During transitions, the inputs may undershoot to -2.0V for periods less than 20 ns. 

5. Ice max for 51C68-35L is 65 mA. 

6. Isb max for 51C68-35L is 5 mA. 
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A.C. TEST CONDITIONS 

Input Pulse Levels GND to 3.0V 

Input Rise and Fall Times . 5 ns 

Input Timing Reference Level 1 .5V 

Output Timing Reference Levels 0.8V-2.0V 

Output Load See Figure 2 



CAPACITANCE^) t a = 25°C,f = 1.0 MHz 


Symbol 

Parameter 

Max 

Unit 

Conditions 

C|N 

Address/Control 

Capacitance 

5 

PF 

< 

z 

II 

o 

< 

Cio 

Input/Output 

Capacitance 

7 

PF 

VoUT = 0V 


NOTE: 

7. This parameter is sampled and not 100% tested. 


1670. 


D OUT • 


■ 1 .73V 


-JL. g p (including Scope 

T” " and Jig Capacitance) 


Figure 3. Output Load for tnz. t|_z> tyyz. tow 


A.C. CHARACTERISTICS T A = 0°C to + 70°C, Vqc = + 5V ±10%, unless otherwise noted 

READ CYCLE 


Symbol 

Parameter 

51C68-30 

51C68-35 

51C68-35L 

Unit 

Test 

Conditions 

Min 

Max 

Min 

Max 

tRC 

Read Cycle Time 

30 


35 


ns 

(Note 1 ) 

*AA 

Address Access Time 


30 


35 

ns 


*ACS 

Chip Select Access Time 


30 


35 

ns 

(Note 8) 

*OH 

Output Hold from Address Change 

5 


5 


ns 


tLZ 

Chip Selection Output in Low Z 

5 


5 


ns 

(Notes 2, 3, & 7) 

tHZ 

Chip Deselection Output in High Z 


15 


15 

ns 

(Notes 2, 3 & 7) 

tpu 

Chip Selection to Power Up Time 

0 


0 


ns 

(Note 7) 

tpD 

Chip Deselection to Power Down Time 


30 


35 

ns 

(Note 7) 
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WAVEFORMS 

READ CYCLE NO. 1(4,5) 



■* *RC *" 



ADDRESS 5 

i ) 

£ 


1 ,, 

< 

< 

X 

o 




DATA OUT PREVIOUS DATA VALID " 

rro 

DATA VALID 



290091-6 


READ CYCLE NO. 2(4, 6, 8) 



NOTES: 

1. All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

2. At any given temperature and voltage condition, tnz nriax. is less than t|_z min. both for a given device and from device to 
device. 

3. Tran sition is measured ±500 mV from steady state voltage with specified loading in Figure 3. 

4. WE is high for Read Cycles. 

5. Device is continuously selected, CS = V||_. 

6. Addresses valid prior to or coincident with CS transition low. 

7. This parameter is sampled and not 100% tested. 

8. Chip deselected for a finite time prior to selection. If the deselect time is 0 ns, the chip is by definition selected and 
access occurs according to Read Cycle No. 1 . 
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A.C. CHARACTERISTICS 

T a = 0°C to +70°C, Vcc = +5V ±10%, unless otherwise noted (Continued) 


WRITE CYCLE 


Symbol 

Parameter 

51C68-30 

51C68-35 

51C68-35L 

Unit 

Test 

Conditions 

Min 

Max 

Min 

Max 

two 

Write Cycle Time 

30 


35 


ns 

(Note 2) 

tew 

Chip Selection to End of Write 

25 


30 


ns 



Address Valid to End of Write 

25 


30 


ns 



Address Setup Time 

0 


0 


ns 


1 

Write Pulse Width 

25 


30 





Write Recovery Time 

5 


5 





Data Valid to End of Write 

15 


15 





Data Hold Time 

to 


5 


ns 



Write Enable to Output in High Z 

0 

15 

0 

15 



tow 

Output Active from End of Write 

0 


0 





WAVEFORMS 

WRITE CYCLE NO. 1 (WI CONTROLLED)! 4 ) 



■* *wc *■ 



ADDRESS ) 

^ ) 

E 


U. 4 ^ 



r 

v cw 

2 

HP 


////// 




*AW *■ 



: ^ l_ 

“* *WP *■ 

*• *WR H 

WE 

■■iw 




** *DH 

« 


r 1 dw — 




“*j 

*0W 

IMrc.UAl'K^t. \j 

290091 -8 
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WRITE CYCLE NO. 2 (CS CONTROLLED)^) 


ADDRESS 


CS 




jf 




DATA IN ■ 


. fZZZZZZZZZZZZZZ ZZ Z ZZ 


DATA IN VALID 


DATA OUT 


DATA UNDEFINED 


HIGH IMPEDANCE 


290091 -9 


NOTES: 

1. If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

2. All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

3. Transition is measured ±500 mV from steady state voltage with specified loading in Figure 3. 

4. CS or WE must be high during address transitions. 
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51C98 

HIGH SPEED CHMOS 16,384 x 4-BIT STATIC RAM 



51C98-20 

51C98-25 

51C98-30 

Max. Access Time (ns) 

20 

25 

30 

Max. Active Current (mA) 

100 

100 

too 

Max. Standby Current (mA) 

15 

15 

15 


■ Power Down Mode 
B TTL Compatible 
B Common Data Input and Output 
B High Reliability Ceramic Package 

The 51C98 is a 65,536-bit high speed static RAM configured as 16K x 4. It is fabricated using Intel’s high 
performance 1.0 micron CHMOS IV technology. This state of the art technology, coupled with Intel’s innova- 
tive 6T cell design, virtually eliminates latch-up and alpha induced soft errors without organic coating. 

The power down feature, controlled by CS, also contributes greatly to system reliability. The device’s power 
consumption is reduced 10-fold when in this low power standby mode. In fact, 85% system power reduction is 
achievable in large systems where a majority of the devices are deselected. 


B Static Operation 

— No Clock/Refresh Required 

B Equal Access and Cycle Times 
— Simplifies System Design 

B Single + 5V Supply 


Pin Configuration 


A o 

A i 

a 2 

A 3 

a 4 

A 5 

A 6 

A 7 

A 8 

CS 

GND 


240442-1 



A 1 3 
A 1 2 
A 11 
A 10 
Aq 


Logic Symbol 



240442-2 


Pin Names 


A0-A13 

Address Inputs 

1/01-1/04 

Data In /Out 

We 

Write Enable 

Vcc 

Power ( + 5V) 

CS 

Chip Select 

GND 

Ground 
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240442-3 


Figure 1. Block Diagram 


DEVICE OPERATION 

The 51C98 has two control inputs: Chip Select (CS) 
and Write Enable (WE). CS is the power control pin 
and should be used for device operation. WE is the 
data control pin and should be used to gate data at 
the I/O pins. 


Standby Power 

The 51C98 is placed in a standby or reduced power 
consumption mode by applying a high (Vih) to the 
CS input. When in standby mode, the device is dese- 
lected and the outputs are in a high impedance 
state, independent of the WE input. 


Write Mode 

Write Cycles may be controlled by either WE or CS. 
In either case, both WE and CS must be high (Vih) 
during address transitions. During a WE Controlled 
write cycle, CS must be held low (V|l) while WE is 
low . Address transfers occur on the falling edge of 
WE and the data transfers on rising edge of WE. 
During a CS controlled cycle, WE must be held low 
(V||_) while CS is low. The addresses are then trans- 
ferred on the Jailing edge of CS and data on the 
rising edge of CS. Data, in both cases, must be valid 
for a time tow before the controlling input is brought 
high (Vih) and remain valid for a time tpH after the 
controlling input is high. 


Table 1. Mode Selection Truth Table 


CS 

We 

Mode 

I/O 

Power 

H 

X 

Standby 

High-Z 

Standby 

L 

L 

Write 

Din 

Active 

L 

H 

Read 

d out 

Active 


Read Mode 

CS must be low (V||_) and WE must be high (Vm) to 
activate a read cycle and obtain data at the outputs. 
Given stable addresses, valid data is available after 
a time t/\A- 
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ABSOLUTE MAXIMUM RATINGS* 

Voltage on Any Pin Relative 

to Ground (V||\j, Vqut) ~~ 1 .OV to + 7.0V 

Storage Temperature (Ceramic) 

(T stg) — 65°C to + 150°C 

Power Dissipation (Pd) 1 .0W 

DC Continuous Output Current (Iqs) 50 mA 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “ Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
‘‘Operating Conditions” is not recommended and ex- 
tended exposure beyond the ‘‘Operating Conditions” 
may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 

Voltage referenced to Vss> T/\ = 0°C to + 70°C 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.2 


Vcc + 1 

V 

V|L 

Input Low Voltage 

-0.5 


0.8 

V 


NOTE: 

1 . During transitions, the inputs may undershoot to - 2.0V for periods less than 20 ns. 


CAPACITANCE T A = +25°C, f = 1.0 MHz 


Symbol 

Parameter 

Min 

Max 

Units 

C|N1 

Input Capacitance (Vin = 0V) 


7 

PF 

CquT 

Output Capacitance (Vqut = 0V) 


7 

PF 


NOTE: 

This parameter is sampled and not 100% tested. 


D.C. AND OPERATING CHARACTERISTICS 

Recommended Operating Conditions unless otherwise noted 


Symbol 

Parameter 

Min 

Max 

Units 

Test Conditions 

Icc 

Operating Current 


100 

mA 

Vcc = Max 

CS — V|[_, Outputs 

Open, T cyc | e = Min 

>SB 

Standby Current 




Vcc = Min to Max 

CS = V,H 

Ili 



■ 

n 

Vcc = Max 

V|(sj = GND to Vcc 


Output Leakage 

-10 

m 

juA 

CS = V|h, Vcc = Max 
Vqut = GND to 4.5V 

VOH 

Output High Voltage 

2.4 


V 

Iqh = “4 mA 

VOL 

Output Low Voltage 


0.4 

V 

Iql = 8 m A 
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DATA RETENTION ELECTRICAL CHARACTERISTICS 


Symbol 

VCDR 


Parameter 

Voltage for Data 
Retention 


Min Typ Max Units 


Test Conditions 


•ccdr Data Retention 

Current 

tcDR Ch 'P Deselect to 

Data Retention 
Time 


95 500 jllA CS ;> V C c ~ 0.2V V cc = 2 V 


350 750 


Vin ^ V CC - 0.2V V CC = 3V 
or < 0.2V 


Operation Recovery tRc 
Time 


csy,'H-; 


Low Vcc Data Retention Waveform 


DATA RETENTION MODE 


O' 57 V DR >2V 4.5V, 


A.C. TEST CONDITIONS 

Input Pulse Levels GND to 3.0V 

Input Rise and Fall Times 5 ns 

Timing Reference Level 1 .5V 

Output Load See Figures 2, 3 
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A.C. CHARACTERISTICS 

T a = 0°c to + 70°C, V cc = 5V ±10% 


READ CYCLE 


Symbol 

Parameter 

51C98-20 

51C98-25 

51C98-30 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

*RC 

READ Cycle Time 

20 


25 


30 


ns 

*AA 

Address Access Time 


20 


25 


30 

ns 

*ACS 

Chip Select Access Time 


20 


25 


30 

ns 

tOH 

Output Hold from 

Address Change 

3 


3 


3 


ns 

tLZ 

Chip Selection to 

Output in Low-Z 

0 


0 


0 


ns 

*HZ 

Chip Deselection to 

Output in High-Z 


15 


15 


20 

ns 

tpu 

Chip Selection to 

Power Up Time 

0 


0 


0 


ns 

tpD 

Chip Deselection to 

Power Down Time 


20 


25 


30 

ns 


NOTES: 

1 . All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

2. At any given temperature and voltage, tnz(Max) is less than tj_z(Min), both for a given device and from device to device. 

3. Transition is measured at ±500 mV from steady state voltage with specified loading in Figure 3. 


READ CYCLE NO. 10.2) 





" *RC *■ 

ADDRESS ) 

[ ; 



" *AA * 

r *■ 



DATA OUT PREVIOUS DATA VALID X X X ) 

( DATA VALID 


240442-7 
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READ CYCLE NO. 2 ( 1 . 3 ) 



NOTES: 

1 . WE is high for Read Cycles. 

2. Device is continuously selected, CS = V||_- 

3. Addresses valid prior to or coincident with CS transition low. 


A.C. CHARACTERISTICS (Continued) 


WRITE CYCLE 


Symbol 

Parameter 

51C98-20 

51C98-25 

51C98-30 


Min 

Max 

Min 

Max 

Min 

Max 

twc 

Write Cycle TimeO) 

20 


25 


30 


ns 

tew 

Chip Selection to 

End of Write 

15 


20 


25 


ns 

tAW 

Address Valid to 

End of Write 

15 


20 


25 


ns 

tAS 

Address Set-Up Time 

0 


0 


0 


ns 

twp 

Write Pulse Width 

15 


20 


20 


ns 

tWR 

Write Recovery Time 

2 


2 


2 


ns 

tDW 

Data Valid to End 
of Write 

12 


15 


15 


ns 

tDH 

Data Hold Time 

0 


0 


0 


ns 

twz 

Write Enable to 

Output in High-Z( 2 ) 

0 

15 

0 

15 

0 

15 

ns 

tow 

Output Active from 

End of Write( 2 ) 

0 


0 


0 


ns 
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WRITE CYCLE NO. 1 (WE CONTROLLED)(3) 



NOTES: 

1 . All Write Cycle timings are referenced from the last valid address to the first transitioning address. 

2. Transition is measured at + 500 mV from steady state voltage with specified loading in Figure 3. 

3. CS or WE must be high during address transitions. 


WRITE CYCLE NO. 2 (CS CONTROLLED)^ 2) 



NOTES: 

1 . CS or WE must be high during address transitions. 

2. If CS switches low coincident with or after WE switches low, the outputs will stay in a high impedance state. If CS 
switches high or coincident with or after WE switches high, the outputs will stay in a high impedance state. 
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5164 

HIGH SPEED 8192 x 8-BIT STATIC RAM 




5164-20 

5164-25 

5164-30 

5164-35 

Max Access Time (ns) 

20 

25 

30 

35 

Max Active Current (mA) 

120 

110 

100 

100 

Max Standby Current (mA) 

30 , 

30 

30 

30 


■ Power Down Mode 

■ TTL Compatible 

■ Common Data Input and Output 

■ 28-Pin 300 Mil Plastic Package 

The 5164 is a 65,5 36-b it high speed static RAM configured _as 8K x 8. Easy memory expansion is available with 
two chip enables (CS1 and CS2) and an Output Enable (OE). 

The power down feature contributes greatly to system reliability. The device’s power consumption is reduced 
when in this low power standby mode. In fact, 85% system power reduction is achievable in large systems 
where a majority of the devices are deselected. 


■ Static Operation 

— No Clock/Refresh Required 

■ Equal Access and Cycle Times 
— Simplifies System Design 

■ Single + 5V Supply 

■ 2V Data Retention Option Available 


Functional Block Diagram 



240674-1 


Pin Names 


A0-A12 

Address 

WE 

Write Enable 

l/Ot-l/Qe 

Data Input/Output 

OE 

Output Enable 

CSi 

Chip Select 

GND 

Ground 

CS 2 

Chip Select 

Vcc 

Power 


Pin Configuratioi 

NCC 

V 

1 

J 

28 

a i 2 C 

2 

27 

a 7 C 

3 

26 

a 6 C 

4 

25 

a 5 c 

5 

24 

A„C 

6 

23 

AjC 

7 

22 

a 2 C 

8 

21 

A,C 

9 

20 

a 0 C 

10 

19 

i/0 t C 

11 

18 

i/o 2 C 

12 

17 

l/0 3 C 

13 

16 

gndC 

14 

15 


□Vcc 

□ WE 

□ cs 2 
□Aa 

□ a 9 

11 
IE 

1 ° 
Si 

□ l/0 8 

□ l/0 7 

□ l/0 6 
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Device Operation 

The 5 164 has three control inputs: T wo Chip Selects 
(CS1, CS2) and Write Enable (WE). WE is the data 
control pin and should be used to gate data at the 
I/O pins. When CSi and WE inputs are LOW and 
CS 2 is HIGH, data is written into the memory and 
reading is accomplished when CSi and OE are ac- 
tive LOW, CS 2 active HIGH and WE remains inactive 
or HIGH. 


Standby Power 

The 5164 is placed in a standby or reduced power 
consumption mode by applying a high (Vm) to the 
CSi input or low (V||_) to the CS 2 input. When in 
standby mode, the device is deselected and the out- 
puts are in a high impedance state, independent of 
the WE input. 


Table 1. Mode Selection Truth Table 


CSi 

CS 2 

We 

OE 

Mode 

I/O 

Power 

H 

X 

X 

X 

Standby 

High Z 

Standby 

X 

L 

X 

X 

Standby 

High Z 

Standby 

L 

H 

L 

X 

Write 

Din 

Active 

L 

H 

H 

L 

Read 

Dout 

Active 

L 

H 

H 

H 

Read 

High Z 

Active 


ABSOLUTE MAXIMUM RATINGS 

Voltage on Any Pin 

Relative to Ground (V|n, Vout) . . . - 1 .OV to + 7V 
Storage Temperature 

(Ceramic) (T S tg) -65°C to + 150°C 

Power Dissipation (Pd) 1 .OW 

DC Continuous Output Current (Iqs) 50 mA 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 

(Voltage referenced to Vss. Ta = °° c to 70° C) 


Symbol 

Parameter 

Min 

Typ 

Max 

Unit 

V CC 

Supply Voltage 

4.5 

5.0 

5.5 

V 

v ss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.2 


V(X + 0.5 

V 

V|L 

Input Low Voltage 

-0.5 


0.8 

V 


NOTE: 

1 . During transitions, the inputs may undershoot to - 2.0V for periods less than 20 ns. 


CAPACITANCE (T A = 25°c, f = 1.0 MHz) 


Symbol 

Parameter 

Min 

Max 

Unit 

C|N1 

Input Capacitance (Vin = 0V) 


7 

PF 

C OUT 

Output Capacitance (Vout = 0V) 


7 

PF 


NOTE: 

This parameter is sampled and not 1 00% tested. 


4-40 







5164 


IriteT 


D.C. AND OPERATING CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Symbol 

Parameter 

Min 

Max 

Units 

Test Conditions 

Icc 

Operating Current 


100 

mA 

Vqc = Max, CSi = V| L 

CS2 = V|h, Outputs Open, 
Tcycle = Min 

<SB 

Standby Current 


30 

mA 

Vqc = Min to Max 

CS-| = V|n or CS2 = V||_ 

■SBI 


7 

mA 

cs-l > Vcc - 0.2V, 

Vin - Vcc — 0.2V or 

V| N <: 0.2V, V C c = Max 

'Ll 

Input Load Current 

-10 

10 

juA 

Vcc = Max 

V||vj = GND to Vcc 

l|_0 

Output Leakage 

-10 

10 

juA 

CSi = V|h, Vcc = Max 

VoUT = GND to Vcc 

V OH 

Output High Voltage 

2.4 


V 

Ioh = -4 mA 

VqL 

Output Low Voltage 


0.4 

i ! 

Iql = 8 mA 


DATA RETENTION ELECTRICAL CHARACTERISTICS 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Test Conditions 

VCDR 

Voltage for Data Retention 

2 



V 


!CCDR 

Data Retention Current 


95 

500 

juA 

< 

0 

0 

ll 

ro 

< 

CS! ^ Vcc - 0.2V 
V|N ^ V CC - 0.2V 
or < 0.2V 

350 

750 

/x A 

> 

CO 

II 

0 

0 

> 

tCDR 

Chip Deselect to 

Data Retention Time 

0 



ns 


tR 

Operation Recovery Time 

tRC 



ns 



Low Vcc Data Retention Waveform 

DATA RETENTION MODE 
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A.C. TEST CONDITIONS 


Input Pulse Levels GND to 3.0V 

Input Rise and Fall Times 5 ns 

Timing Reference Level 1 .5V 


A.C. CHARACTERISTICS (T A = o°c to 70°c, v cc = 5V ±io%) 


READ CYCLE 



Parameter 

5164-20 

5164-25 

5164-30 

5164-35 

pjl 

Min 

Max 

Min 







Read Cycle Time 

20 


25 



| 



I 

*AA 

Address Access Time 


20 


25 





ns 

tACSI 

Chip Select 1 

Access Time 

■ 


■ 


a 


a 


ns 



■ 

20 

■ 

25 

a 

30 

a 


ns 

m 

Output Enable to 

Output Valid 

■ 

15 

■ 


a 


a 


a 

tOH 

Output Hold from 
Address Change 

3 


a 


a 

a 

a 

a 

ns 

tCLZI 

Chip Select 1 to 

Output in Low Z 

5 


5 

■ 


N 

5 

| | 

ns 

tCLZ2 

Chip Select 2 to 

Output in Low Z 





a 


a 

a 

a 

tCHZI 

Chip Select 1 to 

Output in High Z 


15 

a 

15 

a 


a 



*CHZ2 

Chip Select 2 to 

Output in High Z 


15 

a 


a 


a 

H 

ns 

tOLZ 

Output Enable to 

Output in Low Z 


m 

0 


a 




ns 


Output Enable to 

Output in High Z 

■ 


a 

10 


15 


20 

ns 

tpu 

Chip Selection to 

Power Up Time 

0 


a 


0 


0 


ns 


Chip Deselection to 
Power Down Time 

■ 


a 

25 


30 


35 

ns 


NOTES: 

1 . All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

2. At any given temperature and voltage, tcHz(M ax ) is ,ess than tcLz( Min )> both for a given device and from device to 
device. 
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WAVEFORM OF READ CYCLE NO. 1<D 



TIMING WAVEFORM OF READ CYCLE NO. 2(1. 2, 4) 



TIMING WAVEFORM OF READ CYCLE NO. 3(L 3, 4) 



NOTES: 

1. WE is HIGH for Read Cycle. 

2. Device is continuously selected, CS-j = Vjl, CS 2 = Vm- 

3. Address valid prior to or coincident with CSi transition low and CS 2 transition high. 

4. OE = V| L 

5. Transition is measured ±500 mV from steady state. 
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A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


Symbol 

Parameter 

5164-20 

5164-25 

5164-30 

5164-35 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

twc 

Write Cycle Time 

20 


25 


30 


35 


ns 

tcwi 

Chip Selection 1 to 

End of Write 

15 


20 


25 


30 


ns 

*CW2 

Chip Selection 2 to 

End of Write 

15 


20 


25 


30 


ns 

*AW 

Address Valid to 

End of Write 

15 


20 


25 


30 


ns 

tAS 

Address Set-Up Time 

0 


0 


0 


0 


ns 

twp 

Write Pulse Width , 

15 


20 


25 


25 


ns 

*WR 

Write Recovery Time 

0 


0 


0 


0 


ns 

*DW 

Data Valid to 

End of Write 

15 


15 


15 


15 


ns 

tDH 

Data Hold Time 

0 


0 


0 


0 


ns 

tWHZ 

Write Enable to 

Output in High Z 

0 

12 

0 

15 

o 

15 

0 

15 

ns 

tow 

Output Active from 

End of Write 

0 


0 

i 

0 


0 


ns 
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NOTES: 

1. WE must be high during all address transitions. 

2. A write occurs during the overlap (tyyp) of a low_CSi and a high CS 2 . 

3. twRi,2 > s measured from the earlier of CS-j or WE going high or CS 2 going low to the end of write cycle. 

4. During this period, I/O pins are in the output state so that the input signals must not be applied. 

5. If the CS-i low transition or CS 2 high transition occurs simultaneously with the WE low transitions or after the WE tran- 
sition, outputs remain in a high impedance state. 

6. OE is continuously low (OE = V||_). 

7. DATAquj is the same phase of write data of this write cycle, as long as address does not change. 

8. If CSi is low and CS 2 is high during this period, I/O pins are in the output state. Data input signals must not be applied. 

9. Transition is measured ± 200 mV from steady state. 
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51256 

HIGH SPEED 32K x 8-BIT STATIC RAM 



51256-20 

51256-25 

51256-30 

51256-35 

Max Access Time (ns) 

20 

25 

30 

35 

Max. Active Current (mA) 

100 

100 

100 

100 

Max Standby Current (mA) 

30 

30 

30 

30 


■ 2V Data Retention Option Available 

■ Power Down Mode 

■ TTL compatible 

■ Common Data Input and Output 

■ 28-Pin 300 Mil Plastic PDIP Package 

The 51256 is a 32,768-word by 8-bit high speed static RAM fabricated using a CMOS silicon gate process. 
Easy memory expansion is provided by an active low Chip Select (CS) and an active low Output Enable. (OE). 

The power down feature contributes greatly to system reliability. The device’s power consumption is reduced 
when in this low power standby mode. 


■ Static Operation 

— No Clock/Refresh required 

■ Equal Access and Cycle Times 
— Simplifies System Design 

■ Single + 5V Supply 


Functional Block Diagram 



Pin 


M t4 l 

Ai 2 £ 

a 7 C 

a 5 C 
a 4 C 
a 3 C 
a 2 C 
A,C 


Connections 

^7 


A 0 C 10 
D 0 C 11 
D,C 12 
D 2 C 13 
GNDC 14 


19 


28 3Vcc 
3 WE 
3A,3 

25 3A 8 
24 3 Ag 
23 3A„ 
22 3 OE 
21 3A, 0 
20 3CS 
3D 7 


18 3d 6 
17 3D 5 
16 3d 4 

ISPDj 



240801 -2 

Pin Names 

Ao-A -14 

ADDRESS 

D 0 -D 7 

DATA INPUT/OUTPUT 

CS 

CHIP SELECT 

We 

WRITE ENABLE 

OE 

OUTPUT ENABLE 

V CC 

POWER 

GND 

GROUND 


4-47 


August 1990 
Order Number: 240801-001 







51256 


inteT 


DEVICE OPERATION 

The 51256 has two control inputs: Chip Select (CS) 
and Write Enable (WE). WE is the data control_pin to 
be used to gate data at the I/O pins. When CS and 
WE inputs are LOW, data is written into the memory 
and reading is accomplished when CS and OE are 
active LOW while Write Enable (WE) remains inac- 
tive or HIGH. 


STANDBY POWER 

The 51256 is placed in a standby or reduced power 
consumption mode by applying a high (V|h) to the 
CS input. When in standby mode, the device is dese- 
lected and outputs are in a high impedance state, 
independent of the WE input. 


Table 1. Mode Selection Truth Table 


CS 

We 

OE 

Mode 

I/O 

Power 

H 

X 

X 

Standby 

High Z 

Standby 

L 

L 

X 

Write 

Djn 

Active 

L 

H 

L 

Read 

Dout 

Active 

L 

H 

H 

Read 

High Z 

Active 
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ABSOLUTE MAXIMUM RATINGS 


PARAMETER 

SYMBOL 

VALUE 

UNITS 

Voltage on any pin relative to Ground 

Vjn» V 0 ut 

-1.0 to + 7V 

V 

Storage Temperature (Ceramic) 

Tstg 

-65 to +150 

°c 

Power Dissipation 

Pd 

1.0 

w 

DC Continuous Output Current 

los 

50 

mA 


I NOTICE: This is a production data sheet. The specifications are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute Maximum Ratings” may cause permanent damage. These 
are stress ratings only. Operation beyond the “Operating Conditions” is not recommended and extended exposure 
beyond the “Operating Conditions” may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 

(Voltage referenced to Vss> Ta = 0°C to 70°C) 


Parameter 

Symbol 

Min 

Typ 

Max 

Units 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Ground 

Vss 

0 

0 

0 

V 

Input High Voltage 

V|H 

2.2 


Vcc + 0.5 

V 

Input Low Voltage 

V|L 

-0.5 


0.8 

V 


NOTE: 

During transitions, the inputs may undershoot to -2.0V for periods less than 20ns. 


CAPACITANCE (T A = 25°C, f = 1.0 MHz) 


Parameter 

Symbol 

Min 

Max 

Units 

Input Capacitance (V|n = 0V) 

C|N 


8 

PF 

Output Capacitance (Vqut = 0V) 

C OUT 


8 

PF 


NOTE: 

This parameter is sampled and not 100% tested. 
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D.C. AND OPERATING CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Parameter 

Symbol 

Min 

Max 

Units 

Test Conditions 

Operating Current 

! cc 


100 

mA 

Vcc = Max., CS ^ V||_ 
outputs open, T cyc | e = Min. 

Standby Power 

ISB 


30 

mA 

Vcc = Max, CS :> V|h 

Supply Current 

*SB1 


7 

mA 

CS ^ V C c -0.2V, 

Vin ^ Vcc~ 0.2V or 

V| N ^ 0.2V, V CC = Max 

Input Load Current 

Ili 

-10 

10 

juA 

V C c = Max 

0V <. V|N £ Vcc 

Output Leakage 

•lo 

-10 

10 

julA 

CS = Vjh, Vcc — Max 

OV ^ Vqut ^ Vcc 


V OH 

2.4 


V 

Iqh = -4.0 mA 

Output Low Voltage 

VOL 


0.4 

V 

Iql = 0-0 mA 


DATA RETENTION ELECTRICAL CHARACTERISTICS 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

V CDR 

Voltage for Data Retention 


2 



V 

•CCDR 

Data Retention Current 

CS^ (Vcc -0.2 V) 

V| N ^ (VCC - 0.2 V) 
or ^ 0.2V (V C c = 2V) 


95 

50 

jliA 

tCDR 

Chip Deselect to Data 
Retention Time 





ns 

*R 





ns 



LOW Vcc DATA retention waveform 
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A.C. TEST QUESTIONS 


Input Pulse Levels GND to 3.0V 

Input Rise and Fall Times 5 ns 

Timing Reference Level 1 .5V 


A.C. CHARACTERISTICS 

(T a = 0° to 70° C, Vcc = 5V ± 10%) 

READ CYCLE 


Symbol 

Parameter 

51256-25 

51256-30 

51256-35 

51256-45 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

tRC 

Read Cycle Time 

25 


30 


35 


45 


ns 

*AA 

Address Access Time 


25 


30 


35 


45 

ns 

*ACS 

Chip Select Access Time 


25 


30 


35 


45 

ns 

*OE 

Output Enable to Output Valid 


15 


20 


20 


20 

ns 

tOH 

Output Hold from Address Change 

5 


5 


5 


5 


ns 

*CLZ 

Chip Select to Output in Low Z 

5 


5 


5 


5 


ns 

tCHZ 

Chip Deselect to Output in High Z 


15 


20 


20 


20 

ns 

tOLZ 

Output Enable to Output in Low Z 

0 


0 


0 


0 


ns 

tpu 

Chip Selection to Power Up Time 

0 


0 


0 


0 


ns 

tPD 

Chip Deselection to Power Down Time 


25 


30 

! 

35 


45 

ns 


NOTES: 

1 . All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

2. At any given temperature and voltage, tcHZ (Max) is less than tci_z ( Min ). both for a given device and from device to 
device. 
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TIMING WAVEFORM OF READ CYCLE NO. 30,3,4) 



NOTES: 

1 . WE is High for Read Cycle. 

2. Device is continuously selected, CS = 

3. Address valid prior to or coincident with CS transition low. 

4. OE = V| L 

5. Transition is measured ± 200 mV from steady state with 5 pF load (including scope and jig). 
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A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


Symbol 

Parameter 

51256-25 

51256-30 

51256-35 

51256-45 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

twc 

Write Cycle Time 

25 


30 


35 


45 


ns 

tew 

Chip Select To End of Write 

20 


25 


30 


40 


ns 

tAW 

Address Valid to End of Write 

20 


25 


30 


40 


ns 

tAS 

Address Set-up Time 

0 


0 


0 


0 


ns 

t W p 

Write Pulse Width 

20 


25 


25 


30 


ns 

tWR 

Write Recovery Time 

0 


0 


0 


0 


ns 

tDW 

Data Valid to End of Write 

15 


15 


15 


20 


ns 

tDH 

Data Hold Time 

0 


0 


0 


0 


ns 

tWHZ 

Write Enable to Output in High Z 

0 

15 

0 

15 

0 

15 

0 

20 

ns 

tow 

Output Active from End of Write 

5 


5 


5 


5 


ns 


4-53 




intef 


TIMING WAVEFORM OF WRITE CYCLE NO. 1, 
(WE CONTROLLED TIMING)^ 2, 3, 5, 7) 



TIMING WAVEFORM OF WRITE CYCLE NO. 2, 
(WE CONTROLLED TIMING)0> 2, 3, 5) 



NOTES: 

1 . WE must be high during all address transitions. 

2. A write occurs during the overlap (tew or tyyp) of a low CS and low WE. 

3. twR is measured from the earlier of CS or WE going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state, and input signals must not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high imped- 
ance state. 

6. Transition is measured + 200 mV from steady state with a 5 pF load (including scope and jig). 

7. If OE is low during a WE controlled write cycle, the write pulse width must be the larger of twp or (twz + tow) to allow the 
I/O drivers to turn off and data to be placed on the bus for the required tow- It OE is high during a WE controlled write cycle, 
this requirement does not apply and the write pulse can be as short as the specified twp. 
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51258 

HIGH SPEED 64k x 4-BIT STATIC RAM 



51258-20 

51258-25 

51258-30 

51258-35 

Max Access Time (ns) 

20 

25 

30 

35 

Max Active Current(mA) 

100 

100 

100 

100 

Max Standby Current (mA) 

30 

30 

30 

30 


2V Data Retention Option Available 
Power Down Mode 
TTL compatible 

Common Data Input and Output 
24-Pin 300 Mil Plastic PDIP Package 

The 51258 is a 65,536-word by 4 bit high speed static RAM fabricated using a CMOS silicon gate process. 
Easy memory expansion is provided by an active low Chip Select (CS). 

The power down feature contributes greatly to system reliability. The device’s power consumption is reduced 
when in this low power standby mode. 


■ Static Operation ■ 

— No Clock/Refresh required B 

■ Equal Access and Cycle Times B 

— Simplifies System Design 

■ Single +5V Supply B 


Pin Configuration 


DIP/SOIC 



Pin Names 


A 0 -A 15 

Addresses 

1/01-1/04 

Data Input/Output 

CS 

Chip Select 

WE 

Write Enable 

GND 

Ground 

Vcc 

Power 


Functional Block Diagram 



? 
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DEVICE OPERATION 

The 51258 has two control inputs: Chip Select (CS) 
and Write Enable (WE). WE is the data control pin to 
be used to gate data at the I/O pins. When CS and 
WE inputs are LOW, data is written into the memory 
and reading is accomplished when CS goes active 
LOW while Write Enable (WE) remains inactive or 
HIGH. 


Table 1. Mode Selection Truth Table 


CS 

We 

Mode 

I/O 

Power 

H 

X 

Standby 

High Z 

Standby 

L 

L 

Write 

Din 

Active 

L 

H 

Read 

D 0 ut 

Active 


STANDBY POWER 

The 51258 is placed in a standby or reduced power 
consumption mode by applying a high (Vih) to the 
CS input. When in standby mode, the device is dese- 
lected and outputs are in a high impedance state, 
independent of the WE input. 


ABSOLUTE MAXIMUM RATINGS* 


Symbol 

Parameter 

Value 

Units 

< 

z> 

< 

o 

c 

Voltage on any pin 
relative to Ground 

— 1.0 to + 7V 

V 

T stg 

Storage Temperature 
(Ceramic) 

-65 to +150 

°C 

p d 

Power Dissipation 

1.0 

w 

'os 

D.C. Continuous 
Output Current 

50 

mA 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


RECOMMENDED OPERATING CONDITIONS 

(Voltage referenced to V ss , T a = 0°C to 70°C) 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Vcc 

Supply Voltage 

4.5 

5.0 

5.5 

V 

Vss 

Ground 

0 

0 

0 

V 

V|H 

Input High Voltage 

2.2 

- 

V C c + 0.5 V 

V 

V|L 

Input Low Voltage 

-0.5 

- 

0.8 

V 


NOTE: 

During transitions, the inputs may undershoot to -2.0 V for periods less than 20 ns. 
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CAPACITANCE (T A = 25°C,f = 1.0 MHz) 


Symbol 

Parameter 

Min 

Max 

Units 

C|N 

Input Capacitance (Vin = OV) 


- 

8 pF 

CquT 

Output Capacitance (Vqut = OV) 



8 pF 


NOTE: 

This parameter is sampled and not 100% tested. 


D.C. AND OPERATING CHARACTERISTICS 

(Recommended Operating Conditions unless otherwise noted) 


Symbol 

Parameter 

Min 

Max 

Units 

Test Conditions 


Operating Current 

— 

100 

mA 

Vqc = Max., CS ^ V|i_ 

Outputs Open, Tcycle = min. 

•SB 

Standby Power 

- 

30 

mA 

Vcc ” Max, CS ^ V|h 

iSBI 

Supply Current 


7 

mA 

CS ;> V C c -0.2V, 

V|n ^ Vcc - 0.2V or 

V, N ^ 0.2V, V C c = Max 

Ili 

Input Load Current 


10 

juA 

V C c = Max 

0V ^ Vin ^ Vcc 

•lo 

Output Leakage 


10 

jllA 

CS = V|Hi Vcc = Max 

0V ^ VouT ^ Vcc 

V OH 

Output High Voltage 

c\i 

- 

V 

Ioh = —4.0 mA 

VOL 

Output Low Voltage 

- 

0.4 

V 

Iql = 8.0 mA 


4-58 









51258 


inter 


DATA RETENTION ELECTRICAL CHARACTERISTICS 


Symbol 

Parameter 

Test Conditions 

Min 

Typ 

Max 

Units 

VCDR 

Voltage for Data Retention 


2 


- 

V 

•CCDR 

Data Retention Current 

CSS (Vcc -0.2V) 
V|N^ (V C C -0.2 V) 
or <; 0.2V 
(Vcc = 2V) 


95 

500 

ju,A 

*CDR 

Chip Deselect to 

Data Retention Time 


0 


- 

ns 

tR 

Operation Recovery Time 





ns 


LOW Vcc DATA retention waveform 



DATA RETENTION MODE 


v cc 

4.5 V J 

^ V CR 2= ™ 7 

L 4.5V 


*CDR 





51 y //////J 

L v,h ^ 

V DR 

J V |H J 






240802-3 


A.C. TEST QUESTIONS 


Input Pulse Levels GND to 3.0V 

Input Rise and Fall Times 5 ns 

Timing Reference Level 1 .5V 


A.C. CHARACTERISTICS (T A = o°o to 70°oC, v C c = 5V ± io%) 

READ CYCLE 


Symbol 

Parameter 

51258-20 

51258-25 

51258-30 

51258-35 


Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

*RC 

Read Cycle Time 

20 


25 


30 


35 



*AA 

Address Access Time 


20 


25 


30 



19 

Ucs 

Chip Select Access Time 




25 


30 




tOH 

Output Hold from Address Change 

3 


5 


5 


5 


ns 

tCLZ 

Chip Select to Output in Low Z 

5 


5 


5 


5 


ns 

tCHZ 

Chip Deselect to Output in High Z 


15 


15 


20 


20 

ns 

tpu 

Chip Selection to Power Up Time 

0 


0 


0 


0 


ns 

tpD 

Chip Deselection to Power Down Time 


20 


25 


30 


35 

ns 


NOTES: 

1 . All Read Cycle timings are referenced from the last valid address to the first transitioning address. 

2. At any given temperature and voltage, tCHZ (Max) is less than *CLZ (Min), both for a given device and from device to 
device. 
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TIMING WAVEFORM OF READ CYCLE NO. 2(1,2) 



TIMING WAVEFORM OF READ CYCLE NO. 3(1,3) 



NOTES: 

1 . WE is high for read cycle. 

2. Device is continuously selected, CS = Vn_. 

3. Address valid prior to or coincident with CS transition low. 

4. Transition is measured ± 200 mV from steady state with 5 pF load (including scope and jig). 
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A.C. CHARACTERISTICS (Continued) 
WRITE CYCLE 


Symbol 

Parameter 

51258-20 

51258-25 

51258-30 

51258-35 

Units 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

twc 

Write Cycle Time 

20 


25 


30 


35 


ns 

tew 

Chip Select to 

End of Write 

15 


20 


25 


25 


ns 

Uw 

Address Valid to 

End of Write 

15 


20 


25 


25 


ns 

Us 

Address Set-up Time 

0 


0 


0 


0 


ns 

twp 

Write Pulse Width 

15 


20 


25 


25 


ns 

tWR 

Write Recovery Time 

0 


0 


0 


0 


ns 

tDW 

Data Valid to 

End of Write 

10 


12 


15 


15 


ns 

tDH 

Data Hold Time 

0 


0 


0 


0 


ns 

tWHZ 

Write Enable to 

Output in High Z 

0 

15 

0 

15 

0 

15 

0 

15 


tow 

Output Active from 

End of Write 

5 


5 

i 

5 


5 




TIMING WAVEFORM OF WRITE CYCLE NO. 1 
WE CONTROLLED TIMING)0> 2, 3, 6) 


ADDRESS 


zx 


cs 


WE 


x wc 


X 


X 


DATA 0 


DATA 1k 



* t WP 

\ 


twHz( 6 ) — ^ 





X 


X 


KE 




> 
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TIMING WAVEFORM OF WRITE CYCLE NO. 2, 
(CS CONTROLLED TIMING^ 2, 3, 5) 



240802-8 


NOTES: 

1 . WE or CS must be high during all address transitions. _ 

2. A write occurs during the overlap (*CW or tWP) of a low CS and low WE. 

3. *WR is measured from the earlier of CS or WE going high to the end of the write cycle. 

4. During this period, the I/O pins are in the output state, and input_signals must not be applied. 

5. If the CS low transition occurs simultaneously with or after the WE low transition, the outputs remain in the high imped- 
ance state. 

6. Transition is measured ± 200 mV from steady state with 5 pF load (including scope and jig). 


PACKAGE DIMENSIONS 



4-62 





iny® 


RELIABILITY 

REPORT 


Static RAM 
Reliability Report 


MADHU NIMGAONKAR 

COMPONENTS CONTRACTING DIVISION 
QUALITY AND RELIABILITY ENGINEERING 


RR-63 


August 1 989 


4 


4-63 


Order Number: 240544-001 




SRAM RELIABILITY DATA CONTENTS PAGE 

SUMMARY 1.0 INTRODUCTION 4-65 

2.0 RELIABILITY TESTS 4-65 

High Temperature Burn-In 4-65 

High Temperature Dynamic Lifetest 4-65 

High Voltage (7V) Dynamic Lifetest 4-65 

High Temperature Reverse Bias Test — 4-65 

Low Temperature Lifetest 4-65 

High Temperature Storage Test 4-66 

Temperature Cycle Test 4-66 

3.0 RELIABILITY DATA SUMMARY ... 4-66 

51C68 4-66 

51C98 4-67 

APPENDIX A 4-71 

Common MOS Failure Mechanisms 4-71 

Oxide Defects 4-71 

Silicon Defects 4-71 

Contamination 4-71 

Metallization Defects 4-71 


4-64 



RR-63 



1.0 INTRODUCTION 

This report summarizes the reliability predictions of the 
MOS memory components and the methodology used 
in making the predictions. The methodology adopted 
by Intel is among the most conservative in the electron- 
ics industry. The reader should be aware of the differ- 
ent methodologies used by various manufacturers in 
making the reliability predictions and the profound ef- 
fect a more liberal approach has on the failure rate re- 
ported. 


2.0 RELIABILITY TESTS 
High Temperature Burn-In 

This test is used to establish infant mortality failure 
rates. Intel defines infant mortality as the early life fail- 
ures observed after a 48 hour 125°C dynamic burn-in. 
In order to eliminate infant mortality fallout in deter- 
mining long term failure rates, all devices used for life- 
testing are subjected to standard Intel production 
screens plus a 48 burn-in. 


High Temperature Dynamic Lifetest 

This test is performed to accelerate failure mechanisms 
that are thermally activated through the application of 
extreme temperatures (125°C) and the use of biased op- 
erating conditions (5.5V). The translation from 125°C 
to 55°C is done by applying time acceleration factors 
based on the thermal activation energy assignments. 

Failure rate calculations are given for each relevant ac- 
tivation energy. These are made using the appropriate 
activation energy and the Arrhenius Plot as shown in 
Figure 1. The total equivalent device hours at a given 
temperature can be determined. The failure rate is then 
calculated by dividing the number of failures by the 
equivalent device hours and is expressed as a %/1000 
hours. The failure rate is adjusted by a factor related to 
the number of device hours using a chi-square distribu- 
tion to arrive at a confidence level associated failure 
rate. A conservative estimate of the failure rate is ob- 
tained by including zero failures at 0.3 eV, 0.5 eV and 
1.0 eV. In cases where the mechanism of the cata- 
strophic failures cannot be determined, 0.3 eV activa- 
tion energy is assumed. 

When reviewing failure rate projections from different 
sources, it is important to understand the assumptions 
being made. Small changes in details can dramatically 
alter an estimated failure rate. 



TEMPERATURE (°C) 

240544-1 


Figure 1. Arrhenius Plot 
High Voltage (7V) Dynamic Lifetest 

This test is used to detect failure mechanisms which are 
accelerated by high voltage as well as high temperature. 
It is especially effective in accelerating oxide and leak- 
age related failures. The total acceleration factor in- 
cludes the time acceleration factors based on the as- 
signed activation energies and voltage acceleration fac- 
tor (7V to 5.5V). 


High Temperature Reverse Bias Test 

This test is used to detect failure mechanisms which are 
accelerated by high temperature (150°C). This test is 
effective in accelerating leakage related failures and 
drifts in device parameters due to process instability. 


Low Temperature Lifetest 

This test is performed at maximum operating frequency 
to detect the effects of electron injection into the gate 
oxide. The conditions for electron injection occur dur- 
ing transitions when the transistors are in saturation. 
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High Temperature Storage Test 

High temperature storage (bake) is a test in which de- 
vices are subjected to elevated temperatures (150°C for 
plastic packages and 250°C for hermetic packages) with 
no applied bias. This test is used to detect mechanical 
reliability problems (e.g., bond integrity) and process 
instability. 


3.0 RELIABILITY DATA SUMMARY 


Temperature Cycle Test 

This test consists of cycling the temperature of a cham- 
ber housing device from — 65°C to +150°C with no 
applied bias. Temperature cycling (1000 cycles) is used 
to detect mechanical reliability problems and micro- 
cracks. 


51C68 

Number of bits: 16,384 Process: CHMOS III 

Organization: 4K x 4 Package: 20-Pin 


Table 1. Failure Rate Predictions 


Actual 

Device Hours 
125°C 

Ea 

(eV) 

Equivalent Hours 

# 

Fail 

Fail Rate %/ IK Hours 
(60% UCL) 

55° C 

70°C 

55° C 

70° C 

3.85E + 06 

0.3 

2.00E + 07 

1.33E + 07 

1 

0.0101 

0.0152 

3.85E + 06 

0.5 

6.01 E + 07 

3.05E + 07 

0 

0.0015 

0.0032 

3.85E + 06 

1.0 

9.40E + 08 

2.42E + 08 

0 

0.0001 

0.0002 

Combined Failure Rate: 

FITs: 

0.0117 

117 

0.0186 

186 


NOTE: 

FIT = Failures in Time. 1 FIT = 1 failure per 10E + 09 device hours. 


Table 2. Reliability Summary 


Month 

Package 

125°C Dynamic Lifetest 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

1/86 * 

Cerdip 

1/1061 

0/1034 

0/600 

0/600 

— 

3/86 * 

Plastic 

0/1536 

0/1531 

0/579 

0/579 

1/579 

3/86 ** 

Plastic 

0/150 

0/150 

0/150 

0/150 

0/150 

5/86 

Cerdip 

0/1000 

0/1000 

0/150 

0/150 

— 

6/86 


0/879 

0/868 

0/150 


— 


Cerdip 

1/1125 

0/1123 

0/150 


— 


Cerdip 

0/743 

0/743 

0/150 


— 

7/87 

Cerdip 

0/1000 

0/1000 



— 

7/87 

Cerdip 

0/769 

0/769 

0/200 


— 

7/87 

Cerdip 

2/675 

0/673 

0/200 

0/200 

— 

Total 


4/8938 

(A) 

0/8891 

(B) 

0/2479 

(C) 

0/2464 

(D) 

1/729 

(E) 


NOTE: 

*Qual Data 
**7V Qual Data 
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Table 3. Package Thermal Characteristics 


Package 

Type 

Junction Temp. 
@55°C Ambient 

Junction Temp. 
@70°C Ambient 

Junction Temp. 
@125°C Ambient 

Cerdip 

78 

93 

148 

Plastic 

91 

106 

161 


Table 4. Failure Analysis Summary 


Time Frame 

Group 

# Fail 

Description 


1/86 

A 

1 

ISB Failure, Hot Spot on Cont. 

Gate Edge of Y4 Driver 

0.3 

9/86 

A 

1 

Defect Not Found 

0.3 

7/87 

A 

1 

Contamination 

1.0 



1 

Assembly Defect at Wire Heel 

0.5 

3/86 

E 

1 

Single Bit Defect Not Found 

0.3 


51C98 


Number of bits: 65,536 Process: CHMOS IV 

Organization: 16K x 4 Package: 22-Pin 


Table 1. High Temperature Lifetest Data 


Year 

Lot # 

125°C (5.5V) Dynamic Lifetest 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

Q4/88 

27-921 

3/1043 


0/890 

0/890 

0/890 

Q4/88 

22-957 

0/488 

1/488 

1/337 

0/336 


Q4/88 

24-985 


1/755 

0/604 

1/604 

0/603 

Q4/88 

26-903 

2/708 

0/706 

1/556 

0/755 



26-910 

1/999 

0/997 

1/847 

0/845 

0/845 


40-980 

0/536 

0/536 

0/536 

0/536 

— 

Q1/89 

42-988 

1/580 

1/579 

0/578 

0/578 

— 

Total 


11/5113 

(A) 

3/5101 

(B) 

3/4348 

(C) 

1/4344 

(D) 

3/3228 

(E) 
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Table 2. Failure Analysis Summary 


Group 

# Fail 

Description 

Ea (eV) 

A 

11 

1 Ea Lost during Failure Analysis 

— 



2 Ea A1 /Ti Particle in via Seam 

0.3 



2 Ea BPSG Crystals 

0.3 



1 Ea Passivation Damage 

0.5 



2 Ea Single Bit 

0.5 



1 Ea Bond Pad Corrosion 

1.0 



1 Ea Column Fail (M2 Particle) 

0.3 



1 Ea Column Fail (Ml Particle) 

0.3 

B 

3 

1 Ea Single Bit (Poly Extra) 

0.3 



1 Ea EOS (Electrical Overstress) 

— 



1 Ea Open (Lifted Bond) 

1.0 

C 

3 

2 Ea Single Bit 

0.3 



1 Ea Open (Lifted Bond) 

1.0 

D 

1 

1 Ea Single Bit 

0.3 

E 

3 

1 Ea Passivation Damage 

0.5 



1 Ea Leakage 

0.3 



1 Ea Metal 2 Input Open 

0.5 


Table 3. High Voltage Lifetest Data 


Year 

Lot # 

High Voltage (7V) Dynamic Lifetest 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

Q4/88 

27-921 

2/599 

1/597 

2/596 

1/593 

0/592 

Q4/88 

22-957 

0/200 

0/200 

0/200 

3/200 

0/197 

Q4/88 

24-985 

0/379 

0/379 

0/379 

1/379 

0/378 

Q4/88 

26-903 

2/354 

1/350 

2/348 

0/346 

0/346 

Q4/88 

26-910 

3/513 

1/509 

0/508 

0/508 

1/508 

Q1/89 

40-980 

1/268 

0/267 

0/267 

0/267 

— . ' 

Q1/89 

42-988 

0/291 

1/291 

0/290 

0/290 

— 

Total 


8/2604 

(A) 

4/2593 

(B) 

4/2588 

(C) 

5/2583 

(D) 

1/2021 

(E) 


4-68 





RR-63 



Table 4. Failure Analysis Summary 


Group 

# Fail 

Description 

Ea (eV) 

A 

8 

1 Ea for Abnormal Contact 

0.5 



2 Ea A1 /Ti in via Seam 

0.3 



3 Ea BPSG Crystals 

0.3 



1 Ea BPSG Crystal 

0.3 



1 Ea Column Fail (M2 Particle) 

0.3 

B 

4 

1 Ea Bond Pad Corrosion 

0.5 



1 Ea ISB Leakage (Corrosion) 

0.5 



1 Ea BPSG Crystal 

0.3 



1 Ea Single Bit 

0.3 

C 

4 

2 Ea BPSG Crystals 

0.3 



1 Ea Column (Passivation Damage) 

0.5 



1 Ea Column Fail 

0.3 

D 

5 

4 Ea Lifted Bond 

1.0 



1 Ea Passivation Damage 

0.5 

E 

1 

1 Ea Metal 2 Input Open 

0.5 


Table 5. Failure Rate Predictions 



125°C Actual 
Device Hours 

Ea 

(eV) 

Equivalent Hours 
at 55°C 

# 

Fail 

FIT Rate 
(60% UCL) 

Total 

FIT 

Rate 

5.5V 

7.48E + 06 

0.3 

4.41 E + 07 

5 

0.0142 

165 

7.48E + 06 

0.5 

14.2E + 07 

2 

0.0022 

7.48E + 06 

1.0 

26.9E + 08 

2 

0.0001 

7.0V 

4.46E + 06 

0.3 

11.8E + 07 

5 

0.0053 

130 

4.46E + 06 

0.5 

8.47E + 07 

5 

0.0074 

4.46E + 06 

1.0 

16. IE + 08 

4 

0.0003 

Totals 

(**) 

11.9E + 06 

0.3 

16.2E + 07 

10 

0.0071 

110 

11.9E + 06 

0.5 

22.7E + 07 

7 

0.0037 

11.9E + 06 

1.0 

43. 0E + 08 

6 

0.0002 


*48 Hour failures at 125°C are not included in long term failure rate calculations. 
**5.5V and 7 V burn-in/lifetest equivalent hours have been combined. 


Thermal Accel. 
Factors 
55°C 

0.3 eV 5.90 

0.5 eV 19.0 

1.0 eV 360 


Temp, with Tja 

T (55) = 338K BI/ELT 

T (125) = 408K Accel. 

Factors: 

K = 8.62E —05 eV/K 

Voltage Accel. Factor: 4.48 

NOTE: 

FIT = Failures in Time. 1 FIT = 1 Failure per 10E + 09 device hours. 
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Table 6. Infant Mortality Evaluation Results 


Year 

Lot # 

High Temperature (7V 

Burn-In 

6 Hrs 

12 Hrs 

24 Hrs 

48 Hrs 

168 Hrs 

Q1/89 

42-995 

0/672 

0/672 

0/672 

1/672 

0/671 

Q1/89 

44-997 

0/688 


0/688 

0/688 

0/688 

Q1/89 

45-900 


HEEES9H 

0/654 



Q1/89 

48-909 

0/614 

0/614 

0/614 


0/614 

Total 



0/2628 





Failure Analysis 

A) 1 Ea Func. fail (Metal 1 particle) 

B) 1 Ea Invalid Failure (Cracked Package) 


Table 7. Additional Qualification Tests 


Year 

Low Temp (-10°C) 

150°C HTRB 

Temp Cycle 

160°C 

Lifetest (2K Hrs) 

IK Hrs. 

IK Cycles 

1000 Hrs. Bake 

1988/89 

0/120 

5/240 

(A) 

0/250 

1/200 

(B) 


Failure Analysis 

A) 1 Ea Passivation damage 
1 Ea Func. fail @ <2.6V 
1 Ea Open (Lifted Bond) 
1 Ea Blown Vgs Pin 

1 Ea Healed 

B) 1 Ea Open (Lifted Bond) 
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APPENDIX A 

COMMON MOS FAILURE MECHANISMS 


Oxide Defects 

Oxide defects can cause dielectric breakdown in MOS 
structures resulting in an electrical short. Oxide dielec- 
tric breakdown is dependent on time, ambient tempera- 
ture and operating voltage. Oxide defects could be 
induced by excessively thin oxide, polarization and con- 
tamination. The thermal activation energy for oxide de- 
fects is determined to be 0.3 eV. 


Silicon Defects 

Silicon defects are inherent in the unprocessed silicon 
wafers and may also be generated by stresses on the 
lattice during MOS processing. These silicon defects en- 
hance parasitic leakage when they become active by 
“gettering” contaminants. The activation energy for sil- 
icon defects is determined to be 0.5 eV. 


Contamination 

MOS circuits can fail due to threshold voltage (Vt) 
shifts when subjected to mobile ionic contamination. 
This ionic contamination reaches critical circuits 
through passivation defects subsequent to wafer pro- 
cessing. Sodium is the most common species of ionic 
contamination. The activation energy of ionic contami- 
nation is 1.0 eV. 


Metallization Defects 

Metallization defects (defects relating to metal conduc- 
tor paths on the semiconductor die) can occur due to 
metal contamination, excess current density (electromi- 
gration) in the conductors, microcracks caused by 
sharp oxide steps and overalloying due to migration of 
metal through the semiconductor’s contact. The activa- 
tion energy is 0.5 eV. 
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EPROMs 

(Erasable Programmable 
Read Only Memories) 








16K (2K x 8) UV ERASABLE PROM 

■ Fast Access Time 

— 2716-1: 350 ns Max 
-2716-2: 390 ns Max 

— 2716: 450 ns Max 

■ Single + 5V Power Supply 

■ Low Power Dissipation 

— Active Power: 525 mW Max 

— Standby Power: 132 mW Max 

The Intel 2716 is a 16,384-bit ultraviolet erasable and electrically programmable read-only memory (EPROM). 
The 2716 operates from a single 5-volt power supply, has a static standby mode, and features fast single- 
address programming. It makes designing with EPROMs fast, easy and economical. 

The 2716, with its single 5-volt supply and with an access time up to 350 ns, is ideal for use with high- 
performance + 5V microprocessors such as Intel’s 8085 and 8086. Selected 2716-5S and 2716-6s are also 
available for slower speed applications. The 2716 also has a static standby mode which reduces power 
consumption without increasing access time. The maximum active power dissipation is 525 mW while the 
maximum standby power dissipation is only 132 mW, a 75% savings. 

The 2716 uses a simple and fast method for programming — a single TTL-level pulse. There is no need for high 
voltage pulsing because all programming controls are handled by TTL signals. Programming of any location at 
any time— either individually, sequentially or at random is possible with the 271 6’s single-address program- 
ming. Total programming time for all 16,384 bits is only 100 seconds. 


■ Pin Compatible to Intel “Universal Site” 
EPROMs 

■ Simple Programming Requirements 
— Single Location Programming 

— Programs with One 50 ms Pulse 

■ Inputs and Outputs TTL Compatible 
During Read and Program 

■ Completely Static 



DATA OUTPUTS 

v cc° — - o 0 -o 7 


GND 
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Figure 1. Block Diagram 


Pin Names 


Ao-Aio 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

o 0 -o 7 

Outputs 
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2716 



27512 

27C512 

27256 

27C256 

27128A 

27C128 

2764A 

27C64 

87C64 

2732A 

Al5 

Vpp 

Vpp 

Vpp 


A 12 

Al2 

A 12 

A 12 


a 7 

a 7 

a 7 

a 7 

a 7 

a 6 

a 6 

a 6 

A 6 

a 6 

A 5 

A 5 

As 

A 5 

As 

a 4 

a 4 

a 4 

a 4 

a 4 

a 3 

a 3 

a 3 

a 3 

a 3 

a 2 

A 2 

a 2 

a 2 

a 2 

Ai 

Ai 

Ai 

Ai 

Ai 

Ao 

Ao 

Ao 

Ao 

Ao 

Oo 

O 0 

Oo 

Oo 

O 0 

°1 

Oi 

Oi 

°i 

Oi 

02 

0 2 

0 2 

0 2 

0 2 

GND 

GND 

GND 

GND 

GND 


i 

□ 


2716 

~w 



2732A 

2764A 

27C64 

87C64 

271 28A 
27C128 

27256 

27C256 

27512 

27C512 


Vcc 

Vcc 

Vcc 

Vcc 


PGM 

PGM 

Ai 4 

Ai 4 

v cc 

N.C. 

A13 

A13 

Ai 3 

a 8 

A 8 

Ae 

Ab 

A 8 

Ag 

Ag 

Ag 

Ag 

Ag 

An 

An 

A11 

A11 

An 

OE/Vpp 

OE j 

OE 

OE 

OE/Vpp 

A10 

A10 

A10 

A10 

A10 

CE 

CE 

ALE/CE 

CE 

CE 

CE 

o 7 

o 7 

o 7 

o 7 

o 7 

o 6 

06 

06 

o 6 

°6 

0 5 

Os 

O5 

0 5 

0 5 

o 4 

0 4 

0 4 

o 4 

o 4 

O3 

0 3 

0 3 

0 3 

o 3 


NOTE: 

Intel “Universal Site” compatible EPROM configurations are shown in the blocks adjacent to the 2716 pins. 

Figure 2. Cerdip Pin Configuration 


EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 

The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional processing to enhance 
product characteristics. EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys- 
tem applications. EXPRESS EPROM products are 
available with 168+8 hour, 125°C dynamic burn-in 
using Intel’s standard bias configuration. This pro- 
cess exceeds or meets most industry specifications 
of burn-in. The standard EXPRESS EPROM operat- 
ing temperature range is 0°C to 70°C. Extended op- 
erating temperature range (-40°C to +85°C) EX- 
PRESS products are available. Like all Intel 
EPROMs, the EXPRESS EPROM family is inspected 
to 0.1% electrical AQL. This may allow the user to 
reduce or eliminate incoming inspection testing. 


EXPRESS EPROM PRODUCT FAMILY 


PRODUCT DEFINITONS 


Type 

Operating Temperature 

Burn-In 125°C (hr) 

Q 

1 

0°C to +70°C 
— 40°C to + 85°C 

168 ±8 

44 


EXPRESS OPTIONS 
2716 Versions 


Packaging Options 

Speed Versions 

Cerdip 

5 -1 

Q 

STD 

Q, 1 
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DEVICE OPERATION 

The six modes of operation of the 2716 are listed in 
Table 1. It should be noted that inputs for all modes 
are TTL levels. The power supplies required are a 
+ 5V Vcc and a Vpp. The Vpp power supply must be 
at 25V during the three programming modes, and 
must be at 5V in the other three modes. 


Read Mode 

The 2716 has two control functions, both of which 
must be logically satisfied in_order to obtain data at 
the outputs. Chip Enable (CE) is the power control 
and should be used for device selection. Output En- 
able (OE) is the output control and should be used 
to gate data from the output pins, independent of 
device selection. Assuming that addresses are sta- 
ble, address access time (tAcc) is equal to the delay 
from CE to output (tcE>- Date is available at the out- 
puts tQE after the falling edge of OE, assuming that 
CE has been low and addresses have been stable 
for at least t AC c-toE- 


Standby Mode 

The 2716 has a standby mode which reduces the 
maximum active power dissipation by 75%, from 
525 mW to 132 mW. The 2716 is placed in the 
standby mode by applying a TTL-high signal to the 
CE input. When in standby mode, the outputs are in 
a high impedance state, independent of the OE in- 
put. 


Output OR-Tieing 

Because 2716s are usually used in larger memory 
arrays, Intel has provided a 2-line control function 
that accommodates this use of multiple memory 
connections. The two-line control function allows 
for: 


a) the lowest possible memory power dissipation, 
and 

b) complete assurance that output bus contention 
will not occur. 

To use these two control lines most efficiently, CE 
(pin 18) should be decoded and use d as the primary 
device selecting function, while OE (pin 20) should 
be made a common conne ction to all devices in the 
array and connected to the READ line from the sys- 
tem control bus. This assures that all deselected 
memory devices are in their low-power standby 
modes and that the output pins are active only when 
data is desired from a particular memory device. 


Programming 

Initially, and after each erasure, all bits of the 2716 
are in the “1” state. Data is introduced by selectively 
programming “0’s” into the desired bit locations. Al- 
though only “0’s” will be programmed, both “1’s” 
and “0’s” can be presented in the data word. The 
only way to change a “0” to a “1” is by ultraviolet 
light erasure. 

The 2716 is in the programming mode when the Vpp 
power supply is at 25V and OE is at Vm- The data to 
be programmed is applied 8 bits in parallel to the 
data output pins. The levels required for the address 
and data inputs are TTL. 

When the address and data are stable, a 50 ms, 
active-high, TTL program pulse is applied to the CE 
input. A pulse must be applied at each address loca- 
tion to be programmed. You can program any loca- 
tion at any time — either individually, sequentially, or 
at random. The program pulse has a maximum width 
of 55 ms. The 2716 must not be programmed with a 
DC signal applied to the CE input. 


Table 1. Mode Selection 


Pins 

CE 

(18) 

OE 

(20) 

Vpp 

(21) 

Vcc 

(24) 

Outputs 
(9-11, 13-17) 

Mode 

Read 

V|L 

V| L 

+ 5 

+ 5 

Dout 

Output Disable 

V| L 

V| H 

+ 5 

+ 5 

High Z 

Standby 

V|H 

X 

+ 5 

+ 5 

High Z 

Program 

Pulsed V|l to V|H 

V|H 

+ 25 

+ 5 

Din 

Verify 

Vil 

Vil 

+ 25 

+ 5 

Dout 

Program Inhibit 

' V| L 

V| H 

+ 25 

+ 5 

High Z 


NOTE: 

1. X can be V|i_ or Vm- 
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ABSOLUTE MAXIMUM RATINGS* 

Temperature Under, Bias - 10°C to + 80°C 

Storage Temperature -65°Cto + 125°C 

All Input or Output Voltages with 

Respect to Ground + 6V to -0.3V 

Vpp Supply Voltage with Respect 
to Ground During Program + 26.5V to -0.3V 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions" is not recommended and ex- 
tended exposure beyond the “Operating Conditions" 
may affect device reliability. 


D.C. AND A.C. OPERATING CONDITIONS DUI 

RING READ 


2716 

2716-1 

2716-2 

Temperature Range 

0°C-70°C 

0°C-70°C 

0°C-70°C 

Vqc Power SupplyCi. 2 ) 

5V ±5% 

5V ±5% 

5V ±5% 

Vpp Power Supply( 2 ) 

Vcc 

Vcc 

Vcc 


READ OPERATION 


D.C. CHARACTERISTICS 


Symbol 

Parameter 

Limits 

Units 

Test Conditions 

Min 

Typ(3) 

Max 

lu 

Input Load Current 



10 

mm 

V IN = 5.25V 

•lo 

Output Leakage Current 



10 


VoUT = 5.25V 

BSOi 

Vpp Current 



5 


Vpp = 5.25 V 

Hif9 

Vcc Current (Standby) 


10 

25 


CE = V| H , OE = V| L 

m 

Vcc Current (Active) 


57 

100 


_i 

> 

II 

ILU 

10 

11 

|LU 

lo 


Input Low Voltage 



0.8 

V 



Input High Voltage 



Vcc + 1 

V 



Output Low Voltage 



0.45 

V 

Iql = 2.1 mA 

Pffl 1 

Output High Voltage 

mm 

\ 


V 

Iqh = — 400 p,A 


A.C. CHARACTERISTICS 


Symbol 

Parameter 

Limits (ns) 

Test 

Conditionst 

2716 

2716-1 

2716-2 

Min 

Max 

Min 

Max 

Min 

Max 

<ACC 

Address to Output Delay 


450 


my 




*CE 

CE to Output Delay 


450 


ms 



OE = V| L 

toE (4) 

Output Enable to Output Delay 


120 


ms 




t D F< 4 ' 6 > 

CE or OE High to Output Float 

0 

100 

0 

100 

0 

100 

_l 

> 

II 

lo 

*OH 

Output Hold from Addresses, CE 
or OE Whichever Occurred First 

0 


0 


0 


_l 

> 

II 

ILLI 

10 

11 

ILLI 

lo 
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Programming of multiple 2716s in parallel with the 
same data can be easily accomplished due to the 
simplicity of the programming requirements. Like in- 
puts of the paralleled 2716s may be connected to- 
gether when they are programmed with the same 
data. A low level TTL pulse applied to the CE input 
programs the paralleled 2716s. 


Program Inhibit 

Programming of multiple 2716s in parallel with differ- 
ent data is also easily accomplished. Except for CE, 
all like inputs (including OE) of the parallel 2716s 
may be common. A TTL-level program pulse applied 
to a 271 6’s CE input with Vpp at 25V will program 
that 2716. A low-level CE input inhibits the other 
2716 from being programmed. 


Verify 

A verify should be performed on the programmed 
bits to determine that they were correctly pro- 
grammed. The verify may be performed with Vpp at 
25V. Except during programming and program veri- 
fy, Vpp must be at 5V. 


ERASURE CHARACTERISTICS 

The erasure characteristics of the 2716 are such 
that erasure begins to occur upon exposure to light 
with wavelengths shorter than aproximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain types of fluorescent lamps have wavelengths 
in the 3000-4000A range. Data show that constant 
exposure to room-level fluorescent lighting could 
erase the typical 2716 in approximately 3 years, 
while it would take approximately 1 week to cause 
erasure when exposed to direct sunlight. If the 2716 
is to be exposed to these types of lighting conditions 
for extended periods of time, opaque labels should 
be placed over the window to prevent unintentional 
erasure. 

The recommended erasure procedure for the 2716 
is exposure to shortwave ultraviolet light which has a 
wavelength of 2537 Angstroms (A). The integrated 
dose (i.e., UV intensity x exposure time) for erasure 
should be a minimum of 15 Ws/cm 2 . The erasure 
time with this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp with a 1 2000 jLiW/cm 2 
power rating. The 2716 should be placed within 1 
inch of the lamp tubes during erasure. 



210310-3 


Figure 3. Standard Programming Flowchart 




2716 


intef 


CAPACITANCES) T A = 25°C,f = 1 MHz 


Symbol 

Parameter 

Typ( 3 ) 

Max 

Unit 

Test 

Conditions 

C|N 

Input 

Capacitance 

4 

6 

pF 

V| N = 0V 

C OUT 

Output 

Capacitance 

8 

12 

pF 

V OUT = 0V 


tA.C. TEST CONDITIONS 

Output Load . . 1 TTL gate and 

C L = 100 pF 

Input Rise and Fall Times <20 ns 

Input Pulse Levels 0.8V to 2.2 V 

Timing Measurement Reference Level: 

Inputs 0.8V and 2V 

Outputs 0.8V and 2 V 


A.C. WAVEFORMS(l) 




NOTES: 

1. Vqc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected to Vqc except during programming. The supply current would then be the sum of Iqq and lpp-|. 

3. Typical values are for T A = 25°C and nominal supply voltages. 

4. Thi s parameter is only sampled and is not 100% tested. 

5. OE may be delayed up to t A Q C -tQ E after the falling edge of CE without impact on t A cc- 

6. tQF is specified from OE or CE, whichever occurs first. 
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PROGRAMMING CHARACTERISTICS 

D.C. PROGRAMMING CHARACTERISTICS T A = 25°C ±5°C, V C c W = 5V ±5%, V PP d.2) = 25V ±1V 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Test 

Conditions 

Ili 

Input Current (for Any Input) 



10 

julA 

V| N = 5.25V/0.45 

IPPI 

Vpp Supply Current 



5 

mA 

_i 

> 

II 

|l±J 

lo 

lpP2 

Vpp Supply Current during 
Programming Pulse 



30 

mA 

I 
> 

II 

|LU 

lo 

•cc 

Vcc Supply Current 



100 

mA 


V|L 

Input Low Level 

-0.1 


0.8 

V 


Vih 

Input High Level 

2.0 


Vcc + 1 

V 



A.C. PROGRAMMING CHARACTERISTICS T A = 25°C ±5°C, V^ 1 ) - 5V ±5%, V PP 0.2) = 25V ±1V 


Symbol 

Parameter 

Min 

Typ 

Max 

Units 

Test 

Conditions* 

Us 

Address Setup Time 

2 



JLtS 


tOES 

OE Setup Time 

2 



]U,S 


tDS 

Data Setup Time 

2 



JLlS 


Uh 

Address Hold Time 

2 



fXS 


tOEH 

OE Hold Time 

2 



JUS 


*DH 

Data Hold Time 

2 



fXS 


*DFP 

Output Enable to Output Float Delay 

0 


200 

ns 

_j 

> 

II 

|LU 

lo 

tOE 

Output Enable to Output Delay 



200 

ns 

> 

II 

|LU 

1° 

tpw 

Program Pulse Width 

45 

50 

55 

ms 


URT 

Program Pulse Rise Time 

5 

i 


ns 


IpFT 

Program Pulse Fall Time 

5 

1 


ns 



*A.C. CONDITIONS OF TEST 

Input Rise and Fall Times (10% to 90%) 20 ns 

Input Pulse Levels 0.8V to 2.2V 

Input Timing Reference Level 0.8V and 2V 

Output Timing Reference Level 0.8V and 2 V 

NOTES: 

1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. The 2716 must not be 
inserted into or removed from a board with Vpp at 25 ± 1 V to prevent damage to the device. 

2. The maximum allowable voltage which may be applied to the Vpp pin during programming is +26V. Care must be taken 
when switching the Vpp supply to prevent overshoot exceeding this 26V maximum specification. 
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PROGRAMMING WAVEFORMS 


V| H * 

ADDRESSES 
V„ - 


X DFP 
(0.20 MAX) 


r 

DATA IN 
STABLE 





*DS 

roo 

4*_ tp w _J 

(45 ms) 

*DH 

U) 


DATA OUT 
VALID 


^DFP 

(0.20 MAX) 


NOTES: 

1 . All times shown in parenthesis are minimum times and are jus unless otherwise noted. 

2. tQE and toFP are characteristics of the device but must be accommodated by the programmer. 


REVISION HISTORY 


Number 

Description 

03 

Deleted -5 and -6 speed bins. Added Express options. 

Added Standard Programming Flowchart. 

Revised Pin Configuration and Block Diagram. 






Intel 

2732A 

32K (4K x 8) UV ERASABLE PROMS 


■ 200 ns (2732A-2) Maximum Access 
Time . . . HMOS*-E Technology 

■ Compatible with High-Speed 
Microcontrollers and Microprocessors 
. . . Zero WAIT State 

■ Two Line Control 

■ 10% Vqc Tolerance Available 


■ Low Current Requirement 
-100 mA Active 

-35 mA Standby 

■ int e ligent IdentifierTM Mode 
-Automatic Programming Operation 

■ Industry Standard Pinout . . . JEDEC 
Approved 24 Pin Ceramic Package 

(See Packaging Spec. Order #231369) 


The Intel 2732A is a 5V-only, 32,768-bit ultraviolet erasable (cerdip) Electrically Programmable Read-Only 
Memory (EPROM). The standard 2732A access time is 250 ns with speed selection (2732A-2) available at 
200 ns. The access time is compatible with high performance microprocessors such as the 8 MHz iAPX 186. In 
these systems, the 2732A allows the microprocessor to operate without the addition of WAIT states. 

An important 2732A feature is Output Enable (OE) which is separate from the Chip Enable (CE) control. The 
OE control eliminates bus contention in microprocessor systems. The CE is used by the 2732A to place it in a 
standby mode (CE = Vih) which reduces power consumption without increasing access time. The standby 
mode reduces the current requirement by 65%; the maximum active current is reduced from 100 mA to a 
standby current of 35 mA. 

*HMOS is a patented process of Intel Corporation. 


OATA OUTPUTS 
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Figure 1. Block Diagram 


Pin Names 


A 0 -A 11 

Addresses 

CE 

Chip Enable 

OE/Vpp 

Output Enable/Vpp 

O 0 -O 7 

Outputs 


27512 

27C512 

27256 

27C256 

27128A 

27C128 

2764A 

27C64 

87C64 

2716 

Al5 

V PP 

Vpp 

Vpp 


A 12 

A 12 

A-| 2 

Ai 2 


a 7 

a 7 

a 7 

a 7 

a 7 

A 6 

A6 

A6 

A 6 

A6 

As 

A 5 

As 

As 

As 

a 4 

a 4 

a 4 

a 4 

a 4 

a 3 

a 3 , 

a 3 

a 3 

a 3 

a 2 

A 2 

a 2 

a 2 

a 2 

Ai 

Ai 

Ai 

Ai 

Ai 

Ao 

Ao 

Ao 

Ao 

Ao 

Oo 

O 0 

Oo 

Oo 

O 0 

Oi 

Oi 

Oi 

Oi 

Oi 

0 2 

o 2 

o 2 

0 2 

o 2 

GND 

GND 

GND 

GND 

GND 


2732A 


L_ 

AyC 

^7“ 

1 

24 

A 6 C 

2 

23 

a 5 C 

3 

22 

a 4 C 

4 

21 

a 3 C 

5 

20 

a 2 C 

6 

19 

A 1 c 

7 

18 

AoC 

8 

1 7 

°oC 

9 

16 

Oi 0 

10 

15 

°2 C 

11 

14 

GND C 

12 

13 


20 □OE/Vpp 

□ A f0 

□ CE 

□ 0 7 
□ 0 6 
□ °5 


2716 

2764 

2764A 

87C64 

27128A 

27C128 

27256 

27C256 

27512 

27C512 


Vcc 

Vcc 

Vcc 

Vcc 


PGM 

PGM 

Ai 4 

Ai 4 

Vcc 

N.C. 

A13 

Ai 3 

Ais 

As 

As 

As 

As 

As 

Ag 

Ag 

Ag 

Ag 

Ag 

Vpp 

An 

A11 

An 

An 

OE 

OE 

OE 

OE 

OE/Vp P 

A10 

A10 

A10 

A10 

A10 

CE 

ale^ce 

CE 

CE 

CE 

O7 

o 7 

o 7 

o 7 

o 7 

o 6 

°6 

0 6 

Os 

Os 

Os 

0 5 

Os 

Os 

Os 

o 4 

o 4 

0 4 

°4 

0 4 

Os, 

0 3 

0 3 

0 3 

0 3 


290081-2 

NOTE: 

Intel “Universal Site” compatible EPROM configurations are shown in the blocks adjacent to the 2732A pins. 


Figure 2. Cerdip Pin Configuration 
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EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 

The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional processing to enhance 
product characteristics. EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys- 
tem applications. EXPRESS EPROM products are 
available with 168 ±8 hour, 125°C dynamic burn-in 
using Intel’s standard bias configuration. This pro- 
cess exceeds or meets most industry specifications 
of burn-in. The standard EXPRESS EPROM operat- 
ing temperature range is 0°C to 70°C. Extended op- 
erating temperature range (-40°C to +85°C) EX- 
PRESS products are available. Like all Intel 
EPROMs, the EXPRESS EPROM family is inspected 
to 0.1% electrical AQL. This may allow the user to 
reduce or eliminate incoming inspection testing. 

READ OPERATION 

D.C. CHARACTERISTICS 


Electrical Parameters of EXPRESS EPROM prod- 
ucts are identical to standard EPROM parameters 
except for: 


Sym- 

bol 

Parameter 

TD2732A 

LD2732A 

Test 

Conditions 

Min 

Max 

>SB 

Vcc Standby 
Current (mA) 


45 

CE = V| H , 

OE = V| L 

lee/ 1 * 

Vcc Active 

Current (mA) 


150 

_i 

> 

li 

|LU 

lO 

II 

|LU 

lO 

Vcc Active 

Current at High 
Temperature (mA) 


125 

OE = CE = V, L> 
Vpp = V C c, 
TAmbient = 85°C 


NOTE: 

1 . Maximum current value is with outputs Oq to O 7 unloaded. 


EXPRESS EPROM PRODUCT FAMILY 


PRODUCT DEFINITONS 


Type 

Operating Temperature 

Burn-In 125°C (hr) 

Q 

0°C to + 70°C 

168 ±8 

T 

— 40°Cto +85°C 

None 

L 

— 40°C to + 85°C 

168 ±8 


EXPRESS OPTIONS 
2732A Versions 


Packaging Options | 

Speed Versions 

Cerdip 

-2 

Q 

-25 

Q, T, L 



OE/Vpp = +5V, R = 1KH, V CC = +5V 
V S s = GND, CE = GND 


30 /is 

‘•-riZru 

‘'-[““L-T 

All 

290081 -4 

Binary Sequence from Aq to Ai 1 


Burn-In Bias and Timing Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 


Operating Temp. During Read 0 °Cto +70°C 

Temperature Under Bias - 1 0 °C to + 80°C 

Storage T emperature - 65°C to + 1 25°C 

All Input or Output Voltages with 

Respect to Ground - 0.3V to + 6 V 

Voltage on A9 with Respect 

to Ground -0.3V to + 13.5V 

Vpp Supply Voltage with Respect to Ground 

During Programming -0.3V to +22V 

Vcc Supply Voltage with 

Respect to Ground -0.3V to +7.0V 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions ” is not recommended and ex- 
tended exposure beyond the “Operating Conditions " 
may affect device reliability. 


READ OPERATION 

D.C. CHARACTERISTICS o°C ^ t a <; +70 C 


Symbol 

Parameter 

Limits 

Units 

Conditions 

Min 

Typ( 3 ) 

Max 

'Ll 

Input Load Current 



10 

fiA 

V| N = 5.5V 

>lo 

Output Leakage Current 



10 

juA 

V 0 UT = 5.5V 

ISB^ 

Vcc Current (Standby) 



35 

mA 

CE = V IH , OE = V| L 

lcci< 2 > 

Vcc Current (Active) 



100 

mA 

_i 

> 

II 

|LU 

IQ 

II 

|LU 

lo 

VlL 

Input Low Voltage 

-0.1 


0.8 

V 


V|H 

Input High Voltage 

2.0 


Vcc + 1 

V 


VOL 

Output Low Voltage 



0.45 

V 

Iql = 2.1 mA 

VOH 

Output High Voltage 

2.4 



V 

Iqh = -400 juA 


A.C. CHARACTERISTICS 0 °C T A £ 70°C 


Versions 

Vcc ±5% 

2732A-2 

2732A 

Units 

Test 

Conditions 

v cc ± 10 % 

2732A-20 

2732A-25 

Symbol 

Parameter 

Min 

Max 

Min 

Max 

Ucc 

Address to Output Delay 


200 


250 

ns 

_i 

> 

II 

|LU 

10 

11 

|LU 

lo 

tCE 

CE to Output Delay 


200 


250 

ns 

> 

II 

|LU 

lo 

tOE 

OE/Vpp to Output Delay 


70 


100 

ns 

o| 

ml 

< 

r~ 

t D F (4) 

OE/Vpp High to Output Float 

0 

60 

0 

60 

ns 

_i 

> 

II 

|L11 

lo 

t 0 H< 4 > 

Output Hold from Addresses, 
CE or OE/Vpp, Whichever 
Occurred First 

0 


0 


ns 

_l 

> 

II 

|LU 

10 

11 

|LU 

lo 


NOTES: 

1. Vcc mus t be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vpp. 

2. The maximum current value is with outputs Oo to O 7 unloaded. 

3. Typical values are for Ta = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer 
driven — see timing diagram. 
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inteT 


CAPACITANCE (2) t a = 25°C, f = 1 MHz 


Symbol 

Parameter 

Typ 

Max 

Unit 

Conditions 

C|N1 

Input Capacitance 
Except OE/Vpp 

4 

6 

PF 

V|N = 0V 

C|N2 

OE/Vpp Input 
Capacitance 


20 

PF 

> 

O 

II 

z 

> 

CquT 

Output Capacitance 

8 

12 

PF 

Vqut = ov 


A.C. TESTING INPUT/OUTPUT WAVEFORM 



290081 -5 


A.C. testing inputs are driven at 2.4V for a logic “1” and 0.45V for 
a logic “0". Timing measurements are made at 2.0V for a logic 
“1” and 0.8V for a logic “0”. 


A.C. TESTING LOAD CIRCUIT 



Cl Includes Jig Capacitance 


A.C. WAVEFORMS 



L , , A 


V, H V 

ADDRESSES A 

1 ADDRESS ^ 

< ^ _J 

< 

V IL ' ' ™ 


_> 


v in 

CE 

V IL 


/ 

1 

«, x (3) J 



l CE V ' 

V IH 

OE/Vpp 

V,L 

\ 

r 

tor (2) 

V HIGH Z 

W 3 > ► 

<oh (2 >-~ 


OUTPUT HIGHZ 

(7777 

VALID OUTPUT 

\\\ 


\\\\\ 

/// 

/ 

- 290081-7 





NOTES: 

1. Typical values are for T A = 25°C and nominal supply voltages. 

2. This parameter is only sampled and is not 100% tested. Output float is defined as the point where data is no longer 
driven — see timing diagram. 

3. OE/Vpp may be delayed up to tACC _t OE after the falling edge of CE without impacting tcE- 
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inteT 


DEVICE OPERATION 

The modes of operation of the 2732A are listed in 
Table 1. A single 5V power supply is required in the 
rea d mode. All inputs are TTL levels except for 
OE/Vpp during programming and 12V on Ag for the 
inteligent IdentifierTM mode. In the program mode 
the OE/Vpp input is pulsed from a TTL level to 21V. 


Table 1. Mode Selection 


Pins 

CE 

OE/Vpp 

A 9 

Ao 

< 

o 

o 

Outputs 

Mode 

Read/Program Verify 

V|L 

V|L 

X 

X 

VcC 

d out 

Output Disable 

V| L 

V| H 

X 

X 

Vcc 

High Z 

Standby 

V| H 

X 

X 

X 

Vcc 

High Z 

Program 

V| L 

Vpp 

X 

X 

Vcc 

Din 

Program Inhibit 

V| H 

Vpp 

X 

X 

Vcc 

High Z 

lnt e ligent Identified 3 ) 
— Manufacturer 

V| L 

V| L 

V H 

V| L 

Vcc 

89H 

— Device 

V|L 

V| L 

V H 

V| H 

Vcc 

01 H 


NOTES: 

1. X can be Vm or Vn_. 

2. V H = 12V ±0.5V. 

3. A-i-Aa, A-io, A-|i = V||_. 


by applying a TTL-high signal to the CE input. When 
in standby mode, the outputs arejn a high imped- 
ance state, independent of the OE/Vpp input. 


Two Line Output Control 

Because EPROMs are usually used in larger memo- 
ry arrays, Intel has provided two control lines which 
accommodate this multiple memory connection. The 
two control lines allow for: 

a) The lowest possible memory power dissipation, 
and 

b) complete assurance that output bus contention 
will not occur. 

To use these two control lines most efficiently, CE 
should be decoded and used as the primary device 
selecting function, while OE/Vpp should be made a 
common connect ion to all devices in the array and 
connected to the READ line from the system control 
bus. This assures that all deselected memory devic- 
es are in their low power standby mode and that the 
output pins are active only when data is desired from 
a particular memory device. 


SYSTEM CONSIDERATION 


Read Mode 

The 2732A has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE/Vpp) is the output control and should be used 
to gate data from the output pins, independent of 
device selection. Assuming that addresses are sta- 
ble, address access time (tAcc) is equal to the delay 
from CE to output (tee). Data is available at the out- 
puts after the falling edge of OE/Vpp, assuming that 
CE has been low and addresses have been stable 
for at least t AC c-toE* 


Standby Mode 

EPROMs can be placed in a standby mode which 
reduces the maximum active current of the device 


The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, Iqq, has three segments that are of interest 
to the system designer — the standby current level, 
the active current level, and the transient current 
peaks that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient current peaks is dependent on the output ca- 
pacitive and inductive loading of the device. The as- 
sociated transient voltage peaks can be suppressed 
by complying with Intel’s two-line control and by use 
of properly selected decoupling capacitors. It is rec- 
ommended that a 0.1 jtxF ceramic capacitor be used 
on every device between Vqq and GND. This should 
be a high frequency capacitor of low inherent induc- 
tance and should be placed as close to the device 
as possible. In addition, a 4.7 ju,F bulk electrolytic 
capacitor should be used between Vqc and GND for 
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every eight devices. The bulk capacitor should be 
located near where the power supply is connected 
to the array. The purpose of the bulk capacitor is to 
overcome the voltage droop caused by the inductive 
effects of PC board traces. 



PROGRAMMING MODES 

CAUTION: Exceeding 22V on 'OE/Vpp will perma- 
nently damage the device. 

Initially, and after each erasure (cerdip EPROMs), all 
bits of the EPROM are in the “1” state. Data is intro- 
duced by selectively programming “Os” into the bit 
locations. Although only “Os” will be programmed, 
both “Is” and “Os” can be present in the data word. 
The only way to change a “0” to a “1” in cerdip 
EPROMs is by ultraviolet light erasure. 

The device is in the programming mode when the 
OE/Vpp input is at 21V. It is required that a 0.1 jmF 
capacitor be placed across OE/Vpp and ground to 
suppress spurious voltage transients which may 
damage the device. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The 
levels required for the address and data inputs are 
TTL. 


plied to the CE input. A program pulse must be ap- 
plied at each address location to be programmed 
(see Figure 3). Any location can be programmed at 
any time — either individually, sequentially, or at ran- 
dom. The program pulse has a maximum width of 55 
ms. The EPROM must ncrt be programmed with a 
DC signal applied to the CE input. 

Programming of multiple 2732As in parallel with the 
same data can be easily accomplished due to the 
simplicity of the programming requirements. Like in- 
puts of the paralleled 2732As may be connected to- 
gether when they are programmed with the same 
data. A low level TTL pulse applied to the CE input 
programs the paralleled 2732As. 


Program Inhibit 

Programming of multiple EPROMs in parallel with 
different data is easily accomplished^ by using the 
Program Inhibit mode. A high level CE input inhibits 
the_other EPROMs from being programmed. Except 
for CE, all like inputs (including OE/Vpp) of the par- 
allel EPROMs may be common. A TTL low level 
pulse applied to the CE input with OE/Vpp at 21V 
will program that selected device. 


Program Verify 

A verify (Read) Should be performed on the pro- 
grammed bits to determine that they have been cor- 
rectly programmed. The verify is performed with 
OE/Vpp and CE at V|i_. Data should be verified tpy 
after the falling edge of CE. 


int e ligent Identifier^ Mode 

The int e ligent Identifier Mode allows the reading out 
of a binary code from an EPROM that will identify its 
manufacturer and type. This mode is intended for 
use by programming equipment for the purpose of 
automatically matching the device to be pro- 
grammed with its corresponding programming algo- 
rithm. This mode is functional in the 25°C ± 5°C am- 
bient temperature range that is required when pro- 
gramming the device. 

To activate this mode, the programming equipment 
must force 1 1 .5V to 12.5V on address line A9 of the 
EPROM. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AO from V||_ to Vm- All other address lines 
must be held at V|j_ during the int e ligent Identifier 
Mode. 

Byte 0 (AO = Vjl) represents the manufacturer code 
and byte 1 (AO = Vih) the device identifier code. 
These two identifier bytes are given in Table 1. 


When the address and data are stable, a 20 ms 
(50 ms typical) active low, TTL program pulse is ap- 
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ERASURE CHARACTERISTICS 

The erasure characteristics are such that erasure 
begins to occur upon exposure to light with wave- 
lengths shorter than aproximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data shows that constant expo- 
sure to room level fluorescent lighting could erase 
the EPROM in approximately 3 years, while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the device is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 


PROGRAMMING 


The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a 
minimum of 15 Wsec/cm 2 . The erasure time with 
this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000 juW/cm 2 power rat- 
ing. The EPROM should be placed within 1 inch of 
the lamp tubes during erasure. The maximum inte- 
grated dose an EPROM can be exposed to without 
damage is 7258 Wsec/cm 2 (1 week @ 12000 
/LtW/cm 2 ). Exposure of the device to high intensity 
UV light for longer periods may cause permanent 
damage. 


D.C. PROGRAMMING CHARACTERISTICS 

T a = 25°C ±5°C, V C c = 5V ±5%, V PP = 21V ±0.5V 


Symbol 

Parameter 

Limits 

Units 

Test Conditions 
(Note 1) 

Min 

Typ(3) 

Max 

Ili 

Input Current (All Inputs) 



10 

fxA 

V| N = V|(_ or V| H 

V|L 

Input Low Level (All Inputs) 

-0.1 


0.8 

V 


V| H 

Input High Level (All Inputs Except OE/V PP ) 

2.0 


Vcc + 1 

V 


V 0 L 

Output Low Voltage During Verify 



* 0.45 

V 

Iql = 2.1 mA 

V OH 

Output High Voltage During Verify 

2.4 



V 

lOH = "400 jaA 

Icc 2 (4) 

Vqc Supply Current (Program and Verify) 


85 

100 

mA 


IPP 2 (4) 

V PP Supply Current (Program) 



30 

mA 

CE = V| L , OE/V PP = V PP 

V|D 

Ag int e ligent Identifier Voltage 

11.5 


12.5 

V 
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A.C. PROGRAMMING CHARACTERISTICS 

T a = 25°C ±5°C, V C c = 5V ±5%, V PP = 21V ±0.5V 


Symbol 

Parameter 

Limits 

Units 

Test Conditions* 
(Note 1) 

Min 

TypO) 

Max 

*AS 

Address Setup Time 

2 





tOES 

OE/V PP Setup Time 

2 





*ds 

Data Setup Time 

2 



Hal 


t A H 

Address Hold Time 

0 



13 


fDH 

Data Hold Time 

2 



jLLS 


*DFP 

OE/V PP High to Output Not Driven 

0 


130 

ns 

(Note 2) 



n 


55 

ms 


tOEH 

OE/V PP Hold Time 

2 



ju,S 


*DV 

Data Valid from CE 



1 

jXS 

CE = V IL , OE/V PP = V| L 

*VR 

V PP Recovery Time 

2 



IXS 


tpRT 

OE/V PP Pulse Rise Time During Programming 

50 



ns 



NOTES: 

1 . Vqc must be applied simultaneously or before OE/V PP and removed simultaneously or after OE/V PP . 

2. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. Typical values are for T A = 25°C and nominal supply voltages. 

4. The maximum current value is with outputs 0 q to O7 unloaded. 


*A.C. TEST CONDITIONS 

Input Rise and Fall Time (10% to 90%) ^20 ns 


Input Pulse Levels 0.45V to 2.4V 

Input Timing Reference Level 0.8V and 2.0V 

Output Timing Reference Level 0.8V and 2.0V 
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NOTES: 

1 . The input timing reference level is 0.8V for a Vil and 2V for a Vm- 

2. tpv and toFP are characteristics of the device but must be accommodated by the programmer. 

3. When programming the 2732A, a 0.1 /xF capacitor is required across OE/Vpp and ground to suppress spurious voltage 
transients which can damage the device. 


REVISION HISTORY 


Number 

Description 

04 

Revised Pin Configuration. Revised Express Options. 

Deleted -3, -30, -4, and -45 speed bins. 
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2764A 
64K (8K x 8) 

UV ERASABLE PROMs 


■ Fast Access Time— HMOS* II E 
— 180 ns Cerdip D2764A-1 

■ Moisture Resistant 

■ Two-line Control 


■ int e ligent Identifier^ Mode 

■ Industry Standard Pinout . . . JEDEC 
Approved ... 28 Lead Package 

(See Packaging Spec, Order #231369) 


The Intel 2764A is a 5 V only, 65,536-bit electrically programmable read-only memory (EPROM). The 2764A is 
fabricated with Intel’s HMOSII-E technology which significantly reduces die size and greatly improves the 
device’s performance, power consumption, reliability and producibility. 


The 2764A provides access times to 180 ns (2764A-1). This is compatible with high-performance microproces- 
sors, such as Intel’s 8 MHz iAPX 186 allowing full speed operation without the addition of WAIT states. The 
2764A is also directly compatible with the 12 MHz 8051 family. 


Two-line control and JEDEC-approved, 28 pin packaging are standard features of Intel higher density 
EPROMs. This assures easy microprocessor interfacing and minimum design efforts when upgrading, adding, 
or choosing between non-volatile memory alternatives. 

*HMOS is a patented process of Intel Corporation. 


Vcc 

GND o- 

Vp P o- 


DATA OUTPUTS 

O0-O7 

M 


51 

pm 

51 


A 0 -A 12 

ADDRESS i 
INPUTS 


OUTPUT ENABLE 
CHIP ENABLE 
AND 

PROG LOGIC 


Y 

DECODER 


X 

DECODER 


OUTPUT BUFFERS 


Y-GATING 


65,538-BIT 
CELL MATRIX 


230864-1 


Figure 1. Block Diagram 


\ 
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Pin Names 


Ao-A 12 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

O 0 -O 7 

Outputs 

PGM 

Program 

N.C. 

No Connect 


27512 

27C512 

27256 

27C256 

27128A 

27C128 

2732A 

2716 


2764A 


2716 

2732A 

271 28A 

27C128 

27256 

27C256 

27512 

27C512 

A 15 

Vpp 

Vpp 



Vpp C 

1 ^ 

' 28 

3 V CC 



Vcc 

Vcc 

Vcc 

Al2 

A 12 

a 12 



Ai? C 

2 

27 

P PGM 



PGM 

Ai 4 

Ai 4 

a 7 

a 7 

a 7 

a 7 

a 7 

A 7 c 

3 

28 

C N.C. 

Vcc 

Vcc 

Ai 3 

Ai 3 

Ai 3 

A6 

a 6 

a 6 

A6 

A 6 

a 6 C 

4 

25 

D a 8 

A e 

As 

As 

As 

As 

a 5 

A 5 

As 

As 

As 

As c 

5 

24 

D a 9 

Ag 

Ag 

Ag 

Ag 

Ag 

a 4 

a 4 

a 4 

a 4 

A 4 

A 4 C 

6 

23 

3 A,, 

Vpp 

An 

An 

An 

An 

a 3 

a 3 

a 3 

a 3 

a 3 

A 3 C 

7 

22 

1 OE 

OE 

OE/Vpp 

OE 

OE 

OE/Vpp 

a 2 

a 2 

a 2 

a 2 

a 2 

A? C 

8 

21 

I] A 10 

A io 

A io 

A io 

Aio 

Aio 

Ai 

Ai 

Ai 

A 1 

Ai 

A, C 

9 

20 

3 CE 

CE 

CE 

CE 

CE 

CE 

Ao 

A o 

Ao 

Ao 

Ao 

Ao C 

10 

19 

3 0 7 

o 7 

o 7 

o 7 

o 7 

o 7 

O 0 

O 0 

Oo 

O 0 

Oo 

Oo c 

11 

18 

3 o 6 

o 6 

°6 

06 

o 6 

06 

0 ! 

Oi 

Oi 

O, 

Oi 

0 , c 

12 

17 

3 Os 

O 5 

0 5 

0 5 

0 5 

0 5 

0 2 

°2 

o 2 

0 2 

o 2 

o? C 

13 

18 

D 0 4 

o 4 

o 4 

0 4 

o 4 

o 4 

GND 

GND j 

GND 

GND 

GND 

GND C 

14 

15 

□ 0 3 

o 3 

0 3 

0 3 

o 3 

o 3 


230864-2 

N ° TE: 

Intel “Universal Site”-Compatible EPROM pin configurations are shown in the blocks adjacent to the 2764A pins. 

Figure 2. Cerdip Pin Configuration 


5-19 






2764A 



EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 

The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional processing to enhance 
product characteristics. EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys- 
tem applications. EXPRESS EPROM products are 

EXPRESS EPROM PRODUCT FAMILY 

PRODUCT DEFINITIONS 


Type 

Operating Temperature 

Burn-in 125°C (hr) 

Q 

0°C to +70°C 

168 ±8 

T 

— 40°C to +85°C 

None 

L 

— 40°C to +85°C 

168 ±8 


available with 168+8 hour, 125°C dynamic burn-in 
using Intel’s standard bias configuration. This pro- 
cess exceeds or meets most industry specifications 
of burn-in. The standard EXPRESS EPROM operat- 
ing temperature range is 0°C to 70°C. Extended op- 
erating temperature range (-40°C to +85°C) EX- 
PRESS products are available. Like all Intel 
EPROMs, the EXPRESS EPROM family is inspected 
to 0.1% electrical AQL. This may allow the user to 
reduce or eliminate incoming inspection testing. 

EXPRESS OPTIONS 


2764A VERSIONS 


Packaging Options | 

Speed Versions 

Cerdip 

-20 

Q, T, L 


READ OPERATION 


D.C. CHARACTERISTICS 

Electrical parameters of EXPRESS EPROM products are identical to standard EPROM parameters except for: 


Symbol 

Parameter 

TD2764A 

LD2764A 

Test Conditions 

Min 

Max 

•SB 

Vcc Standby Current (mA) 


40 

CE = V| H , OE = V| L 

1cCi (1) 

Vcc Active Current (mA) 


100 

_i 

> 

11 

|LU 

lO 

II 

|LU 

lo 

Vcc Active Current 
at High Temperature (mA) 


75 

OE = CE = V, L 

Vpp = Vcc. TAmbient = 85°C 


NOTE: 

1. The maximum current value is with outputs Oq to O 7 unloaded. 



OE = + 5V R = 1 Ktt Vcc = +5V 
Vpp = + 5V V SS = GND CE = GND 
PGM = +5V 


30 n s 

*-J~Lh_T 

‘■j - L_r 


*12 


Binary Sequence from A 0 to A 12 


230864-10 


Burn-in Bias and Timing Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 

During Read 0°C to + 70°C 

Temperature Under Bias - 1 0°C to 4- 80°C 

Storage T emperature - 65°C to + 1 25°C 

All Inputs or Output Voltages with 

Respect to Ground -0.6V to + 6.25V 

Voltage on Pin 24 with 

Respect to Ground - 0.6V to + 1 3.5V 

Vpp Supply Voltage with 
Respect to Ground 

During Programming -0.6V to + 14.0V 


Vqc Supply Voltage with Respect 

to Ground -0.6V to +7.0V 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings " may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


READ OPERATION 

D.C. CHARACTERISTICS 0°C ^ T A ^ +70°C 


Symbol 

Parameter 

Limits 

Conditions 

Min 

Max 

Unit 

Ili 

Input Load Current 


10 

juA 

V|N = 0V to Vqq 

>LO 

Output Leakage Current 


10 

V* 

VoUT = 0V to Vqq 

l PP (2) 

Vpp Current Read 


5 

mA 

Vpp = 5.5V 

•SB 

Vqq Current Standby 


35 

mA 

0| 

ml 

II 

< 

X 

ice® 

Vqq Current Active 


75 

mA 

> 

II 

|w 

10 

11 

|IU 

lo 

V| L 

Input Low Voltage 

-0.1 

+ 0.8 

V 


V| H 

Input High Voltage 

2.0 

Vqq + 1 

V 


VOL 

Output Low Voltage 


0.45 1 

V 

Iql = 2.1 mA 

V OH 

Output High Voltage 

2.4 


V 

Ioh ~ “400 juA 

Vpp(2) 

Vpp Read Voltage 

3.8 

Vcc 

V 

Vqq = 5.0V ± 0.25V 


A.C. CHARACTERISTICS 0°C ^ T A ^ + 70°C 


Versions( 4 ) 

V CC ±5% 

2764A-1 

2764A-2 

2764A 

Unit 

Test 

Conditions 

v cc ±10% 


2764A-20 

2764A-25 

Symbol 

Parameter 

Min 

Max 

Min 

Max 

Min 

Max 

tACC 

Address to 

Output Delay 


180 


200 


250 

ns 

> 

|LU 

10 

11 

|LU 

lo 

tCE 

CE to Output 
Delay 


180 


200 


250 

ns 

> 

II 

ILU 

lo 

tOE 

OE to Output 
Delay 


65 


75 


100 

ns 

o| 

ml 

II 

< 

r~ 

t DF ( 3 ) 

OE High to 
Output Float 

0 

55 

0 

55 

0 

60 

ns 

_j 

> 

II 

IUJ 

lo 

tOH< 3 > 

Output Hold 
from Address, 

CE or OE 
Whichever 
Occurred First 

0 


0 


0 


ns 

> 

IS 

II 

IS 


NOTES: 

1 . Vqc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vqq except during programming. The supply current would then be the sum of Iqq and 
Ipp. The maximum current value is with outputs Oo to O 7 unloaded. 

3. This parameter is only sampled and is not 100% tested. Output Data Float is defined as the point where data is no longer 
driven — see timing diagram on the following page. 

4. Model Number Prefixes: No prefix = CERDIP. 
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CAPACITANCE(2)(T a = 25°C, f = 1 MHz) 


Symbol 

Parameter 

TypO) 

Max 

Unit 

Conditions 

C|N 

Input Capacitance 

4 

6 

pF 

> 

o 

II 

z 

> 

Gout 

Output Capacitance 

8 

12 

PF 

Vqut = ov 


A.C. TESTING INPUT/OUTPUT WAVEFORM 



230864-3 


A.C. Testing; Inputs are Driven at 2.4V for a Logic “1” and 0.45V 
for a Logic “0”. Timing Measurements are made at 2.0V for a 
Logic “1” and 0.8V for a Logic “0”. 


A.C. TESTING LOAD CIRCUIT 


1.3V 



Cl Includes Jig Capacitance 


A.C. WAVEFORMS 



NOTES: 

1. Typical values are for T A = 25°C and nominal supply voltages. 

2. Thi s parameter is only sampled and is not 1 00% tested. 

3. OE may be delayed up to tcE-toE after the falling edge of CE without impact on tQE- 
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DEVICE OPERATION 

The modes of operation of the 2764A are listed in 
Table 1. A single 5V power supply is required in the 
read mode. All inputs are TTL levels except for V pp 
and 12V on Ag for int e ligent identifier mode. 


Table 1. Mode Selection 


Pins 

CE 

OE 

PGM 

Ag 

A 0 

Vpp 

Vcc 

Outputs 

Mode 

Read 

V| L 

V|L 

V|H 

Xd) 

X 

< 

o 

o 

5.0V 

D OUT 

Output Disable 

V| L 

V| H 

V|H 

X 

X 

o 

o 

> 

5.0V 

High Z 

Standby 

V| H 

X 

X 

X 

X 

Vcc 

5.0V 

High Z 

Programming 

V(L 

V IH 

V|L 

X 

X 

(4) 

(4) 

Din 

Program Verify 

V| L 

V|L 

V| H 

X 

X 

(4) 

(4) 

Dout 

Program Inhibit 

V| H 

X 

X 

X 

X 

(4) 

(4) 

High Z 

int e ligent Identified 3 ) 
— manufacturer 

— device 

V|L 

V|L 

V| H 

V H <2) 

V|L 

Vcc 

5.0V 

89H 

V|L 

V|L 

V| H 

V H (2) 

V| H 

Vcc 

5.0V 

08H 


NOTES: 

1. X can be V|h or V|i_. 

2. V H = 1 2.0V ± 0.5V. 

3. A-i-As, A-iq-A-12 = V|l 

4. See Table 2 for Vcc and V PP voltages. 

Read Mode 

The 2764A has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and should be used to 
gate data from the output pins, independent of de- 
vice selection. Assuming that addresses are stable, 
the address access time (tAcc) is equal to the delay 
from CE to output (tcE)- Data is available at the out- 
puts after a delay of toE from the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tAcc-tOE- 

Standby Mode 

EPROMs can be placed in a standby mode which 
reduces the maximum current of the devices by ap- 
plying a TTL-high signal to the CE input. When in the 
standby mode, the outputs are in a high impedance 
state, independent of the OE input. 

Two Line Output Control 

Because EPROMs are usually used in larger memo- 
ry arrays, Intel has provided 2 control lines which 
accommodate this multiple memory connection. The 
two control lines allow for: 

a) the lowest possible memory power dissipation, 
and 

b) complete assurance that output bus contention 
will not occur. 


To use these two control lines most efficiently, CE 
should be decoded and used as the primary device 
selecting function, while OE should be made a com- 
mon connectio n to al l devices in the array and con- 
nected to the READ line from the system control 
bus. This assures that all deselected memory devic- 
es are in their low power standby mode and that the 
output pins are active only when data is desired from 
a particular memory device. 


SYSTEM CONSIDERATIONS 


The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, Ice. has three segments that are of interest 
to the system designer — the standby current level, 
the active current level, and the transient current 
peaks that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient current peaks is dependent on the output ca- 
pacitive and inductive loading of the device. The as- 
sociated transient voltage peaks can be suppressed 
by complying with Intel’s Two-Line Control and by 
properly selected decoupling capacitors. It is recom- 
mended that a 0.1 juF ceramic capacitor be used on 
every device between Vcc and GND. This should be 
a high frequency capacitor of low inherent induc- 
tance and should be placed as close to the device 
as possible. In addition, a 4.7 julF bulk electrolytic 
capacitor should be used between Vcc and GND for 
every eight devices. The bulk capacitor should be 
located near where the power supply is connected 
to the array. The purpose of the bulk capacitor is to 
overcome the voltage droop caused by the inductive 
effect of PC board-traces. 


5 


PROGRAMMING MODES 

Caution: Exceeding 14V on Vpp will permanently 
damage the device. 

Initially, all bits of the EPROM are in the “1” state. 
Data is introduced by selectively programming “Os” 
into the desired bit locations. Although only “Os” will 
be programmed, both “Is” and “Os” can be present 
in the data word. The only way to change a “0” to a 
“1” is by ultraviolet light exposure (Cerdip 
EPROMs). 

The device is in the programming mode when Vpp is 
raised t o its p rogramming voltage (see Table 2) and 
CE and PGM are both at TTL-low. The data to be 
programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. 
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Program Inhibit 

Programming of multiple EPROMs in parallel with 
different data is easily accomplished by usin g the 
Program Inhibit mode. A high-level CE or PGM input 
inhibits the other devices from being programmed. 

Except for CE, all like inputs (including OE) of the 
parallel EPROMs may be common. A TTL low-level 
pulse applied to the CE input with Vpp at its pro- 
gramming voltage (see Table 2) will program the se- 
lected device. 


Program Verify 

A verify should be performed on the programmed 
bits to determine that they have been correctly pro- 
grammed. The verify is performed with OE at V||_, 
PGM at V|h and Vpp and Vcc at their programming 
voltages. 


int e ligent Identifier™ Mode 

The int e ligent Identifier Mode allows the reading out 
of a binary code from an EPROM that will identify its 
manufacturer and type. This mode is intended for 
use by programming equipment for the purpose of 
automatically matching the device to be pro- 
grammed with its corresponding programming algo- 
rithm. This mode is functional in the 25°C±5°C am- 
bient temperature range that is required when pro- 
gramming the device. 

To activiate this mode, the programming equipment 
must force 1 1.5V to 12.5V on address line A9 of the 
EPROM. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 


dress line AO from Vil to Vm- All other address lines 
must be held at V|[_ during int e ligent Identifier Mode. 

Byte 0 (AO = V|0 represents the manufacturer code 
and byte 1(A0 = Vm) the device identifier code. 
These two identifier bytes are given in Table 1. 


ERASURE CHARACTERISTICS 

The erasure characteristics are such that erasure 
begins to occur upon exposure to light with wave- 
lengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000 A range. Data shows that constant ex- 
posure to room level fluorescent lighting could erase 
the EPROM in approximately three years, while it 
would take approximately one week to cause era- 
sure when exposed to direct sunlight. If the EPROM 
is to be exposed to these types of lighting conditions 
for extended periods of time, opaque labels should 
be placed over the window to prevent unintentional 
erasure. 

The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a 
minimum of fifteen (15) Wsec/cm 2 . The erasure 
time with this dosage is approximately 15 to 20 min- 
utes using an ultraviolet lamp with a 12,000 ju-W/cm 2 
power rating. The EPROM should be placed within 
one inch of the lamp tubes during erasure. The maxi- 
mum integrated dose an EPROM can be exposed to 
without damage is 7258 Wsec/cm 2 (1 week @ 
12000 /xW/cm 2 ). Exposure of the EPROM to high 
intensity UV light for longer periods may cause per- 
manent damage. 
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230864-7 

Figure 3. int e ligent ProgrammingTM Flowchart 


int e ligent Programming™ Algorithm 

The int e ligent Programming Algorithm, a standard in 
the industry for the past few years, is required for all 
of Intel’s 12.5V CERDIP EPROMs. Plastic EPROMs 
may also be programmed using this method. A flow- 
chart of the int e ligent Programming Algorithm is 
shown in Figure 3. 

The int e ligent Programming Algorithm utilizes two 
different pulse types: initia l and overprogram. The 
duration of the initial PGM pulse(s) is one millisec- 
ond, which will then be followed by a longer overpro- 


gram pulse of length 3X msec. X is an iteration coun- 
ter and is equal to the number of the initial one milli- 
second pulses applied to a particular location, be- 
fore a correct verify occurs. Up to 25 one-millisec- 
ond pulses per byte are provided for before the over- 
program pulse is applied. 

The entire sequence of program pulses and byte 
verifications is performed at Vcc = 6.0V and 
Vpp = 12.5V. When the int e ligent Programming cy- 
cle has been completed, all bytes should be com- 
pared to the original data with Vcc = Vpp = 5.0V. 
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Table 2 


D.C. PROGRAMMING CHARACTERISTICS t a = 25°C ±5°C 


Symbol 

Parameter 

Limits 

Test Conditions 
(see Note 1) 

Min 

Max 

Unit 

lu 

Input Current (All Inputs) 


10 

julA 

V|N = V|L°rV|H 

V|L 

Input Low Level (All Inputs) 

-0.1 

0.8 

V 


V|H 

Input High Level 

2.0 

Vcc 

V 


VOL 

Output Low Voltage During Verify 


0.45 

V 

Iql = 2.1 mA 

VoH 

Output High Voltage During Verify 

2.4 


V 

Iqh = -400 p,A 

ICC2^ 

Vcc Supply Current (Program & Verify) 

, 

75 

mA 


Ipp2^) 

Vpp Supply Current (Program) 


50 

mA 

_i 

> 

II 

ILU 

IQ 

V|D 

Ag int e ligent Identifier Voltage 

11.5 

12.5 

V 


Vpp 

int e ligent Programming Algorithm 

12.0 

13.0 

V 

CE = PGM = V| L 

Vcc 

int e ligent Programming Algorithm 

5.75 

6.25 

V 



A.C. PROGRAMMING CHARACTERISTICS 

T a = 25°C ±5°C (see table 2 for Vcc and Vpp voltages) 


Symbol 

Parameter 

Limits 

Test Conditions* 
(see Note 1) 

Min 

Typ 

Max 

Unit 

*AS 

Address Setup Time 

2 



JULS 


tOES 

OE Setup Time 

2 



JULS 


*DS 

Data Setup Time 

2 



JULS 


*AH 

Address Hold Time 

0 



JULS 


*DH 

Data Hold Time 

2 



JULS 


*DFP 

OE High to Output 

Float Delay 

0 


130 

ns 

(See Note 3) 

Wps 

Vpp Setup Time 

2 



JULS 


Wes 

Vcc Setup Time 

2 



JXS 


tCES 

CE Setup Time 

2 



JULS 


t PW 

PGM Initial Program Pulse Width 

0.95 

1.0 

1.05 

ms 


tOPW 

PGM Overprogram Pulse Width 

2.85 


78.75 

ms 

(see Note 2) 

tQE 

Data Valid from OE 



150 

ns 



*A.C. CONDITIONS OF TEST 

Input Rise and Fall Times 

(10% to 90%) . .20 ns 

Input Pulse Levels 0.45V to 2.4V 

Input Timing Reference Level 0.8V and 2.0V 

Output Timing Reference Level 0.8V and 2.0V 


NOTES: 

1 . Vqc must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 

2. The length of the overprogram pulse may vary from 2.85 
msec to 78.75 msec as a function of the iteration counter 
value X. 

3. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no long- 
er driven— see timing diagram. 

4. The maximum current value is with Outputs Oq to O 7 
unloaded. 
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27 128 A 

128K (16K x 8) PRODUCTION AND UV ERASABLE PROMs 


■ Fast 150 nsec Access Time 
— HMOS* ll-E Technology 


int e ligent IdentifierTM Mode 
— Automated Programming Operations 


■ Low Power 

— 100 mA Maximum Active 
— 40 mA Maximum Standby 


± 10% Vcc Tolerance Available 
Available in 28-Pin Cerdip Package 

(See Packaging Spec, Order #231369) 


The Intel 271 28A is a 5V only, 131,072-bit ultraviolet erasable and electrically programmable read-only memo- 
ry (EPROM). The 271 28A is fabricated with Intel’s HMOS* ll-E technology which significantly reduces die size 
and greatly improves the device’s performance, reliability and manufacturability. 

The 271 28A is currently available in the CERDIP package providing flexibility in prototyping and R&D environ- 
ments where reprogrammability is required. 

The 271 28A is available in fast access times including 1 50 ns (271 28A-1 ). This ensures compatibility with high- 
performance microprocessors, such as Intel’s 8 MHz 80186 allowing full speed operation without the addition 
of WAIT states. The 271 28A is also directly compatible with the 12 MHz 8051 family. 

*HMOS is a patented process of Intel Corporation. 


DATA OUTPUTS 



230849-1 


Figure 1. Block Diagram 
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Pin Names 


A 0 -A 13 

ADDRESSES 

CE 

CHIP ENABLE 

OE 

OUTPUT ENABLE 

O 0 -O 7 

OUTPUTS 

PGM 

PROGRAM 

NC 

NO INTERNAL CONNECT 


27512 

27C512 

27256 

27C256 

2764 A 

27C64 

87C64 

2732A 

2716 

A 15 

Vpp 

Vpp 



A 12 

A 12 

A 12 



a 7 

a? 

Ay 

Ay 

Ay 

a 6 

A 6 

A 6 

A 6 

A 6 

A 5 

a 5 

A 5 

A 5 

a 5 

A 4 

a 4 

A 4 

a 4 

A 4 

A 3 

A 3 

a 3 

a 3 

a 3 

A 2 

A 2 

a 2 

a 2 

a 2 

A 1 

A 1 

Ai 

Ai 

Ai 

A 0 

A 0 

A 0 

A 0 

A o 

O 0 

Oo 

Oo 

Oo 

Oo 

Oi 

Oi 

Oi 

Oi 

Oi 

°2 

o 2 

0 2 

0 2 

0 2 

GND 

GND 

GND 

GND 

GND 


27128A 


VrpC 

*12 c 
* 7 c 
A 6 C= 

*5C 

A 4 C 

a 3 C 

a 2 C 

AlC 

AoC 

0 0 C 


3 12 

13 


o 2 

GNDCl 14 


28 □ V cc 
27 □ PGM 
26 □ A 13 
25 □ A 8 
24 □ A g 
23 DA n 
22 Doe 
21 □ A 10 

□ CE 

□ O? 

=lo 6 
3 0 5 
=>0 4 
□0 3 


2716 

2732A 

2764 A 

27C64 

87C64 

27256 

27C256 

27512 

27C512 



Vcc 

V CC 

Vcc 



PGM 

a 14 

A 14 

Vcc 

Vcc 

N.C. 

A 13 

A 13 

A 8 

A 8 

A s 

As 

As 

Ag 

Ag 

Ag 

Ag 

Ag 

Vpp 

A 11 

An 

An 

An 

OE 

OE/Vpp 

OE 

OE 

OE/Vpp 

A 10 

A io 

Aio 

A io 

Aio 

CE 

CE 

CE 

ALE/CE 

CE 

ALE/CE 

CE 

Oy 

Oy 

Oy 

Oy 

Oy 

o 6 

o 6 

o 6 

o 6 

o 6 

0 5 

0 5 

0 5 

0 5 

0 5 

0 4 

0 4 

0 4 

0 4 

0 4 

0 3 

0 3 

0 3 

O 3 

0 3 


NOTE: Intel “Universal Site” — Compatible EPROM Pin Configurations are Shown in the Blocks Adjacent to the 271 28A Pins 

Figure 2. Cerdip(D) DIP Pin Configuration 
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EXTENDED TEMPERATURE 
(EXPRESS) EPROMS 

The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional processing to enhance 
product characteristics. EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys- 
tem applications. EXPRESS EPROM products are 


available with 168 ±8 hour, 125°C dynamic burn-in 
using Intel’s standard bias configuration. This pro- 
cess exceeds or meets most industry specifications 
of burn-in. The standard EXPRESS EPROM operat- 
ing temperature range is 0°C to 70°C. Extended op- 
erating temperature range (-40°C to +85°C) EX- 
PRESS products are available. Like all Intel 
EPROMs, the EXPRESS EPROM family is inspected 
to 0.1% electrical AQL. This may allow the user to 
reduce or eliminate incoming inspection testing. 


EXPRESS EPROM PRODUCT FAMILY EXPRESS OPTIONS 
PRODUCT definitions 27 1 28 A Versions 


Type 

Operating Temperature 

Burn-in 125°C (hr) 

Q 

0 °C to +70°C 

168 ±8 

T 

— 40°C to +85°C 

None 

L 

— 40°C to +85°C 

168 ±8 


Packaging Options | 

Speed Versions 

Cerdip 

-20 

T, L,Q 


READ OPERATION 


DC CHARACTERISTICS 

Electrical Parameters of Express EPROM Products are identical to standard EPROM parameters except for: 


Symbol 

Parameter 

TD27128A, LD27128A 

Test Conditions 

Min 

Max 

•SB 

Vqc Standby Current (mA) 


50 

CE = V ih ,OE = V| L 

icci (1) 

Vcc Active Current (mA) 


125 

_! 

> 

II 

ILU 

10 

11 

|LU 

lo 

Vcc Active Current 
at High Temperature (mA) 


100 

OE = CE = V| L , Vpp = V CC 
TAmbient = 85°C 


NOTE: 

1 . The maximum current value is with Outputs Oq to O 7 unloaded. 



v PP = +5V V S s = GND CE = GND 


30 /is 

-nhs 
‘■j - i__r 

230849-11 

Binary Sequence from A 0 to A 13 


Burn-In Bias and Timing Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 


Operating Temperature During 

Read 0°C to + 70°C 

Temperature Under Bias - 1 0°C to + 80°C 

Storage Temperature -65°C to + 125°C 

All Input or Output Voltages with 

Respect to Ground -0.6V to + 6.25V 

Voltage on Ag with 

Respect to Ground -0.6V to + 13.5V 

V P p Supply Voltage with Respect to 
Ground During Programming -0.6V to + 14V 

Vcc Supply Voltage 

with Respect to Ground -0.6V to + 7.0V 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “ Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
‘‘Operating Conditions ” is not recommended and ex- 
tended exposure beyond the ‘‘Operating Conditions” 
may affect device reliability. 


READ OPERATION 

DC CHARACTERISTICS o°c < t a <; + 70 °c 


Symbol 

Parameter 

Notes 

Limits 

Units 

Conditions 

Min 

Typ(3) 

Max 

Ili 

Input Load Current 




10 

juA 

V|N = 0V to Vcc 

Ilo 

Output Leakage Current 




10 

jaA 

VoUT = °V to Vcc 

ippi 

Vpp Current Read 

2 



5 

mA 

Vpp = 5.5V 

•SB 

Vcc Current Standby 




40 

mA 

X 

> 

II 

|LU 

lO 

•cci 

Vcc Current Active 

2 



100 

mA 

CE = OE = V|l 

V|L 

Input Low Voltage 


-0.1 


+ 0.8 

V 


V|H 

Input High Voltage 


2.0 


Vcc + 1 

V 


VoL 

Output Low Voltage 




0.45 

V 

Iql = 2.1 mA 

VoH 

Output High Voltage 


2.4 



V 

| 0H = -400 juA 

Vpp 

Vpp Read Voltage 

2 

3.8 


V CC 

V 

V C c = 5.0V ±0.25 


AC CHARACTERISTICS o°C s t a < +70 C 


Versionsf 5 ) 

Vcc ±5% 

Notes 

27128A-1 

27128A-2 

27128A 

Unit 

v cc ±10% 


27128A-20 

27128A-25 

Symbol 

Characteristics 


Min 

Max 

Min 

Max 

Min 

Max 


tACC 

Address to Output Delay 



150 


200 


250 

ns 

tCE 

CE to Output Delay 



150 


200 


250 

ns 

t(0E 

OE to Output Delay 



65 


75 


100 

ns 

*DF 

OE High to Output Float 

4 

0 

55 

0 

55 

0 

60 

ns 

tQH 

Output Hold from 

Addresses CE or OE 
Whichever Occurred First 

4 * 

0 


0 


0 


ns 


NOTES: 

1. Vqq must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Ice and 
lpp-|. The maximum current value is with Outputs Oo to O 7 unloaded. 

3. Typical values are for Ta = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer 
driven— see timing diagram. 
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CAPACITANCE(2)t a = 25°C, f = 1MHz 


Symbol 

Parameter 

Typ(f) 

Max 

Unit 

Conditions 

C|N 

Input Capacitance 

4 

6 

PF 

V| N = 0V 

Gout 

Output Capacitance 

8 

12 

PF 

VquT = 0V 


AC TESTING INPUT/OUTPUT WAVEFORM 



A.C. testing inputs are driven at 2.4V for a Logic “1” and 0.45V 
for a Logic “0”. Timing measurements are made at 2.0V for a 
Logic “1” and 0.8V for a Logic “0.” 


AC TESTING LOAD CIRCUIT 


1.3 V 



C L = 100 pF 230849-4 

C[_ Includes Jig Capacitance 


AC WAVEFORMS 



NOTES: 

1. Typical values are for Ta= 25°C and nominal supply voltages. 

2. Thi s parameter is only sampled and is not 100% tested. 

3. OE may be delayed up to tcE — toE after the falling edge of CE without impact on tcE- 
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DEVICE OPERATION 


The modes of operation of the 271 28A are listed in Table 1. A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for Vpp and 12V on'Ag for int e ligent Identifier. 

Table 1. Modes Selection 


Mode 

Notes 

CE 

OE 

PGM 

Ag 

Ao 

Vpp 

Vcc 

Outputs 

Read 

1 

Vil 

V|L 

V|H 

X 

X 

Vcc 

5.0V 

DoUT 

Output Disable 


V| L 

V|H 

V| H 

X ’ 

X 

Vcc 

5.0V 

High Z 

Standby 


V|H 

X 

X 

X 

X 

Vcc 

5.0V 

High Z 

Programming 

4 

V|L 

V|H 

Vil 

X 

X 

Vpp 

6.0V 

Din 

Program Verify 

4 

V|L 

V|L 

V|H 

X 

X 

Vpp 

6.0V 

d OUT 

Program Inhibit 

4 

V|H 

X 

X 

X 

X 

Vpp 

6.0V 

High Z 

int e ligent 

Identifier 

Manufacturer 

2,3 

V|L 

V|L 

V|H 

V H 

V|L 

Vcc 

5.0V 

89 H 

Device 

2,3 

V|L 

V|L 

V|H 

Vh 

V| H 

Vcc 

5.0V 

89 H 


NOTES: 

1. X can be V|[_ or V|p 

2. V H = 12.0V ±0.5V 

3. A-|-A 8) A-iq-A-12 = Vil 

4. See Table 2 for Vcc and Vpp voltages. 


Read Mode 

The 271 28A has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and should be used to 
gate data from the output pins, independent of de- 
vice selection. Assuming that addresses are stable, 
the address access time Pacc) is equal to the delay 
from CE to output (tcE>- Data is available at the out- 
puts after a delay of toE from the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tAcc _t OE- 

Standby Mode 

EPROMs can be placed in standby mode which re- 
duces the maximum current of the device by apply- 
ing a TTL-high signal to the CE input. When in stand- 
by mode, the outputs are in a high impedance state, 
independent of the OE input. 


Two Line Output Control 

Because EPROMs are usually used in larger memo- 
ry arrays, Intel has provided 2 control lines which 
accommodate this multiple memory connection. The 
two control lines allow for: 

a) the lowest possible memory power dissipation, 
and 

b) complete assurance that output bus contention 
will not occur 


To use these two control lines most efficiently, CE 
should be decoded and used as the primary device 
selecting function, while OE should be made a com- 
mon connectio n to al l devices in the array and con- 
nected to the READ line from the system control 
bus. This assures that all deselected memory 
devices are in their low power standby mode and 
that the output pins are active only when data is 
desired from a particular memory device. 

SYSTEM CONSIDERATIONS 



The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, lcc> has three segments that are of interest 
to the system designer — the standby current level, 
the active current level, and the transient current 
peaks that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient current peaks is dependent on the output ca- 
pacitive and inductive loading of the device. The as- 
sociated transient voltage peaks can be suppressed 
by complying with Intel’s Two-Line Control, and by 
properly selected decoupling capacitors. It is recom- 
mended that a 0.1 ju,F ceramic capacitor be used on 
every device between Vqo and GND. This should be 
a high frequency capacitor for low inherent induc- 
tance and should be placed as close to the device 
as possible. In addition, a 4.7 jllF bulk electrolytic 
capacitor should be used between Vcc and GND for 
every eight devices. The bulk capacitor should be 
located near where the power supply is connected 
to the array. The purpose of the bulk capacitor is to 
overcome the voltage droop caused by the inductive 
effect of PC board-traces. 
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PROGRAMMING MODES 

Caution: Exceeding 14V on Vpp will permanently 
damage the device. 

Initially, and after each erasure, all bits of the 
EPROM are in the “1” state. Data is introduced by 
selectively programming “Os” into the desired bit lo- 
cations. Although only “Os” will be programmed, 
both “Is” and “Os” can be present in the data word. 
The only way to change a “0” to a “1 ” is by ultravio- 
let light erasure. 

The device is in the programming mode when Vpp is 
raised t o its p rogramming voltage (See Table 2) and 
CE and PGM are both at TTL low. The data to be 
programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. 


Program Inhibit 

Programming of multiple EPROMS in parallel with 
different data is easily accomplished by usin g the 
Program Inhibit mode. A high-level CE or PGM input 
inhibits the other devices from being programmed. 

Except for CE, all like inputs (including OE) of the 
parallel EPROMs m ay be common. A TTL low-level 
pulse applied to the PGM input with Vpp at its pro- 
gramming voltage and CE at TTL-Low will program 
the selected device. 


Program Verify 

A verify should be performed on the programmed 
bits to determine that they have been correctly pro- 
gramm ed. Th e verify is performed with OE at Vil, CE 
at V|i_, PGM at V|'h and Vpp and Vcc at their pro- 
gramming voltages. 


int e ligent Identifier Mode 

The int e ligent Identifier Mode allows the reading out 
of a binary code from an EPROM that will identify its 
manufacturer and type. This mode is intended for 
use by programming equipment for the purpose 


of automatically matching the device to be pro- 
grammed with its corresponding programming algo- 
rithm. This mode is functional in the 25°C ± 5°C am- 
bient temperature range that is required when pro- 
gramming the device. 

To activate this mode, the programming equipment 
must force 1 1.5V to 12.5V on address line Ag of the 
EPROM. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line A 0 from V|i_ to V|h- All other address lines 
must be held at V|[_ during the int e ligent Identifier 
Mode. 

Byte 0 (Aq = V|J represents the manufacturer code 
and byte 1 (Aq = Vm) the device identifier code. 
These two identifier bytes are given in Table 1. 


ERASURE CHARACTERISTICS 

The erasure characteristics are such that erasure 
begins to occur upon exposure to light with wave- 
lengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000A range. Data shows that constant expo- 
sure to room level fluorescent lighting could erase 
the EPROM in approximately 3 years, while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the device is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a 
minimum of 15 Wsec/cm 2 . The erasure time with 
this dosage is approximately 1 5 to 20 minutes using 
an ultraviolet lamp with a 12000 jmW/cm 2 power rat- 
ing. The EPROM should be placed within 1 inch of 
the lamp tubes during erasure. The maximum inte- 
grated dose an EPROM can be exposed to without 
damage is 7258 Wsec/cm 2 (1 week @ 12000 ju,W/ 
cm 2 ). Exposure of the device to high intensity UV 
light for longer periods may cause permanent dam- 
age. 
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Figure 3. int e ligent Programming Flowchart 


int e ligent Programming™ Algorithm 

The int e ligent ProgrammingTM Algorithm, a standard 
in the industry for the past few years, is required for 
the 27128A. A flow-chart of the int e ligent Program- 
ming Algorithm is shown in Figure 3. 

The int e ligent Programming Algorithm utilizes two 
different pulse types: initial and overprogram. The 
duration of the initial pulse(s) is one millisecond, 
which will then be followed by a larger overprogram 


pulse of length 3X msec. X is an iteration counter 
and is equal to the number of the initial one millisec- 
ond pulses applied to a particular location, before a 
correct verify occurs. Up to 25 one-millisecond puls- 
es per byte are provided for before the overprogram 
pulse is applied. 

The entire sequence of program pulses and byte 
verifications is performed at Vqc = 6.0V and 
Vpp = 12.5V. When the int e ligent Programming cy- 
cle has been completed, all bytes should be com- 
pared to the original data with Vcc = Vpp = 5.0V. 



27 128 A 
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DC PROGRAMMING CHARACTERISTICS T A = 25°C ±5°C 


Symbol 

Parameter 

Limits 

Test Conditions 
(Note 1) 

Min 

Max 

Unit 

lu 

Input Current (All Inputs) 


10 

juA 

Vin = V| L orV| H 

V|L 

Input Low Level (All Inputs) 

- 0.1 

0.8 

V 


V| H 

Input High Level 

2.0 

Vcc+ 1 

V 


VoL 

Output Low Voltage During Verify 


0.45 

V 

Iol = 2.1 mA 

VqH 

Output High Voltage During Verify 

2.4 


V 

Iqh - -400 juA 


Vcc Supply Current (Program & Verify) 


100 

mA 


lpP2 

Vpp Supply Current (Program) 


50 

mA 

> 

II 

ILU 

IQ 

V|D 

Ag int e ligent Identifier Voltage 

11.5 

12.5 

V 


Vpp 

int e ligent Programming Algorithm 

12.0 

13.0 

V 

CE = PGM = V| L 

Vcc 

int e ligent Programming Algorithm 

5.75 

6.25 

V 



AC PROGRAMMING CHARACTERISTICS 

T a = 25°C ±5°C (See Table 2 for Vcc and Vpp voltages.) 


Symbol 

Parameter 

Limits 

Conditions* 
(Note 1) 

Min 

Typ 

Max 

Unit 

Us 

Address Setup Time 

2 



fJLS 


tOES 

OE Setup Time 

2 



JUS 



Data Setup Time 

2 



JULS 


Uh 

Address Hold Time 

0 



fXS 


*DH 

Data Hold Time 

2 



JJLS 


*DFP 

OE High to Output Float Delay 

0 


130 

ns 

(Note 3) 

tvps 

Vpp Setup Time 

2 



jms 



Vcc Setup Time 

2 



JULS 



CE Setup Time 

2 



JUS 


| 

PGM Initial Program Pulse Width 

0.95 

1.0 




m 

PGM Overprogram Pulse Width 

2.85 





tOE 

Data Valid from OE 







*AC CONDITIONS OF TEST 

Input Rise and Fall Times (10% to 90%) 20 ns 


Input Pulse Levels 0.45V to 2.4V 

Input Timing Reference Level 0.8V and 2.0V 

Output Timing Reference Level 0.8V and 2.0V 


NOTES: 

1 . Vcc must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 

2. The length of the overprogram pulse may vary from 
2.85 msec to 78.75 msec as a function of the iteration 
counter value X. 

3. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no long- 
er driven — see timing diagram. 

4. The maximum current value is with outputs O 0 -O 7 un- 
loaded. 
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NOTES: 

1. The Input Timing Reference Level is 0.8V for V|(_ and 2V for a Vm- 

2. toE and toFP are characteristics of the device but must be accommodated by the programmer. 

3. When programming the 271 28A, a 0.1 juF capacitor is required across Vpp and ground to suppress spurious voltage 
transients which can damage the device. 


REVISION HISTORY 


Number 

Description 

009 

Removed Plastic Package 
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Intel* 27256 

256K (32K x 8) PRODUCTION AND UV ERASABLE PROMS 

■ New Quick-Pulse ProgrammingTM ■ 

Algorithm for Plastic P27256 

— 4 Second Programming 

— int e ligent ProgrammingTM Algorithm m 

Compatible 

■ Fast Access Time H 

— 170 ns D27256-1 

— 200 ns P27256-2 

■ int e ligent IdentifierTM Mode 

The Intel 27256 is a 5V only, 262,144-bit Ultraviolet Erasable (Cerdip)/plastic production (P27256) electrically 
programmable read-only memory (EPROM). Organized as 32K words by 8 bits, individual bytes can be ac- 
cessed in less than 170 ns (27256-1). This is compatible with high performance microprocessors, such as the 
Intel iAPX 186, allowing full speed operation without the addition of performance-degrading WAIT states. The 
27256 is also directly compatible with Intel’s 8051 family of microcontrollers. 

The Plastic P27256 is ideal for high volume production environments where code flexibility is crucial. Plastic 
packaging is also well-suited to auto-insertion equipment in cost-effective automated assembly lines. Intel’s 
new Quick-Pulse Programming Algorithm enables the P27256 to be programmed within four seconds (plus 
programmer overhead). Programming equipment which takes advantage of this innovation will electronically 
identify the EPROM with the help of the int e ligent Identifier and rapidly program it using a superior program- 
ming method. The int e ligent Programming Algorithm may be utilized in the absence of such equipment. 

The 27256 enables implementation of new, advanced systems with firmware-intensive architectures. The 
combination of the 27256’s high-density, cost-effective EPROM storage, and new advanced microprocessors 
having megabit addressing capability provides designers with opportunities to engineer user-friendly, high 
reliability, high-performance systems. 

The 27256’s large storage capability of 32 K-bytes enables it to function as a high-density software carrier. 
Entire operating systems, diagnostics, high-level language programs and specialized application software can 
reside in a 27256 EPROM directly on a system’s memory bus. This permits immediate microprocessor access 
and execution of software and elminates the need for time-consuming disk accesses and downloads. 

Two-line control and JEDEC-approved, 28-pin packaging are standard features of all Intel high-density 
EPROMs. This assures easy microprocessor interfacing and minimum design efforts when upgrading, adding, 
or choosing between nonvolatile memory alternatives. 

The 27256 is manufactured using Intel’s advanced HMOS*ll-E technology. 

*HMOS is a patented process of Intel Corporation. 


Plastic Production P27256 is 
Compatible with Auto-Insertion 
Equipment 

Moisture Resistant 

Industry Standard Pinout . . . JEDEC 
Approved ... 28 Lead Cerdip and 
Plastic Package 

(See Packaging Spec, Order #231369) 


DATA OUTPUTS 

Vcc « ► O 0 -O 7 

GNDo ► * 



Figure 1. Block Diagram 
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Pin Names 


A 0 -Ai4 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

O 0 -O 7 

Outputs 

N.C. 

No Connect 


27512 

27C512 

271 28A 
27C128 

2764A 

27C64 

87C64 

2732A 

2716 

AiS 

V P p 

Vpp 



A 12 

Al2 

A12 



Ay 

Ay 

Ay 

Ay. 

Ay 

a 6 

A 6 

A 6 

a 6 

A 6 

A 5 

A 5 

As 

As 

As 

a 4 

a 4 

a 4 

a 4 

a 4 

a 3 

a 3 

a 3 

a 3 

a 3 

a 2 

a 2 

a 2 

a 2 

a 2 

Ai 

Ai 

Ai 

Ai 

Ai 

A 0 

A 0 

Ao 

Ao 

Ao 

O 0 

O 0 

Oo 

Oo 

O 0 

Oi 

Oi 

Oi 

Oi 

Oi 

0 2 

0 2 

o 2 

0 2 

o 2 

GND 

GND 

GND 

GND 

GND 


NOTE: 



27256 

P27256 


2716 

2732A 

2764A 

27C64 

87C64 

27182A 

27C128 

27512 

27C512 









Vpp C 

1 

28 

3 V CC 



Vcc 

Vcc 

Vcc 

A|2 C 

2 

27 

H A, 4 



PGM 

PGM 

Ai 4 

a 7 C 

3 

26 

3 Ai3 

Vec 

Vcc 

N.C. 

Ai 3 

Ai 3 

Ae C 

4 

25 

D Ag 

A 8 

A 0 

A e 

A 8 

A 8 

A s C 

5 

24 

□ a 9 

Ag 

Ag 

Ag 

Ag 

Ag 

A 4 C 

6 

23 

3 A,, 

Vpp 

A 11 

An 

A 11 

An 

A3 c 

7 

22 

1 61 

OE 

OE/Vpp 

OE 

OE 

OE/Vpp 

a 2 c 

8 

21 

D Am 

A 10 

A io 

Aio 

Aio 

Aio 

A, C 

9 

20 

3 cl 

CE 

CE 

CE 

CE 

CE 

Ao C 

10 

19 

3 0 7 

Oy 

Oy 

Oy 

Oy 

Oy 

o 0 C 

11 

18 

3 o 6 

06 

o 6 

o 6 . 

o 6 

o 6 

0, c 

12 

17 

3 Oi 

0 5 

0 5 

0 5 

- 0 5 

0 5 

O2 c 

13 

16 

3 o 4 

0 4 

o 4 

0 4 

o 4 

o 4 

GND C 

14 

15 

3 0 3 

03 

o 3 

0 3 

0 3 

o 3 
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lntel“Universal Site”-Compatible EPROM pin configurations are shown in the blocks adjacent to the P27256 pins. 

Figure 2. Cerdip/Plastic DIP Pin Configuration 
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EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 

The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional processing to enhance 
product characteristics. EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys- 
tem applications. EXPRESS EPROM products are 


EXPRESS EPROM PRODUCT FAMILY 


available with 168 ±8 hour, 125°C dynamic burn-in 
using Intel’s standard bias configuration. This pro- 
cess exceeds or meets most industry specifications 
of burn-in. The standard EXPRESS EPROM operat- 
ing temperature range is 0°C to 70°C. Extended op- 
erating temperature range (-40°C to +85°C) EX- 
PRESS products are available. Like all Intel 
EPROMs, the EXPRESS EPROM family is inspected 
to 0.1% electrical AQL. This may allow the user to 
reduce or eliminate incoming inspection testing. 


EXPRESS OPTIONS 


PRODUCT DEFINITIONS 


Type 

Operating 

Burn-In 

Temperature 

125°C (hr) 

Q 

0°C to +70°C 

168 ±8 

T 

— 40°C to + 85°C 

None 

L 

— 40°C to +85°C 

168 ±8 ! 


27256 VERSIONS 


Packaging Options 

Speed 

Versions 

Cerdip 

-20 

Q, T, L 


READ OPERATION 


D.C. CHARACTERISTICS 

Electrical parameters of EXPRESS EPROM products are identical to standard EPROM parameters except for: 




TD27256 


Symbol 

Parameter 

LD27256 

Test Conditions 


Min 

Max 


•SB 

Vqc Standby Current (mA) 


50 

CE = V| H ,OE = V| L 

lee* 1 ) 

Vqc Active Current (mA) 


125 

_i 

> 

II 

ILU 

IQ 

II 

|LU 

IQ 


NOTE: 

1 . The maximum current value is with outputs Oq to O 7 unloaded. 



Vpp = +5V Vss = GND CE = GND 


30 pis 

‘•jnZru 
tj - L_r 

A 14 

290097-10 

Binary Sequence from Aq to A14 


Burn-In Bias and Timing Diagrams 

5-40 







27256 


irrtef 


ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 

During Read 0°Cto+70°C 

T emperature Under Bias - 1 0°C to + 80°C 

Storage Temperature -65°Cto + 125°C 

All Input or Output Voltages with 

Respect to Ground - 0.6V to + 6.25V 

Voltage on Pin 24 with 

Respect to Ground - 0.6V to + 1 3.5V 

Vpp Supply Voltage with Respect 

to Ground -0.6V to + 14.0V 

Vcc Supply Voltage with 

Respect to Ground -0.6V to + 7.0V 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage . 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


READ OPERATION 


D.C. CHARACTERISTICS 0°C +70 C 


Symbol 

Parameter 

27256-1,27256-2, 
27256-20, P27256-2 
Limits 

27256-25, 27256, 
P27256-25, P27256 
Limits 

Unit 

Test 

Conditions 

Min 

Typ (3) 

Max 

Min 

Typ 0) 

Max 

'Ll 

Input Load Current 



10 



10 

juA 

V|n = 0V to Vcc 

•lo 

Output Leakage 
Current 



10 



10 

jllA 

VoUT = 0V to Vcc 

IPP-|( 2 ) 

Vpp Current 
Read/Standby 



5 



5 

mA 

Vpp = 5.5V 

ISB^ 

Vqo Current Standby 


25 

50 


20 

40 

mA 

X 

> 

II 

|LU 

lo 

•cci (2) 

Vcc Current Active 


55 

125 


45 

100 

mA 

CE = OE = V )L 

Vpp = Vcc 

V|L 

Input Low Voltage 

-0.1 


+ 0.8 

-0.1 


+ 0.8 

V 


V|H 

Input High Voltage 

2.0 


Vcc + 1 

2.0 


Vcc + 1 

V 


VOL 

Output Low Voltage 



0.45 



0.45 

V 

Iql = 2.1 mA 

VOH 

Output High Voltage 

2.4 



2.4 



V 

lOH = “400 jaA 

Vpp<2) 

Vpp Read Voltage 

3.8 


Vcc 

3.8 


Vcc 

V 

V C c = 5.0V + 0.25V 
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READ OPERATION 


A.C. CHARACTERISTICS o°C ^ t a <; + 70 °C 


Versions( 5 ) 

Vcc ±5% 

27256-1 

27256-2 

P27256-2 

27256 

P27256 

Unit 

Test 

Conditions 

v cc ±10% 


27256-20 

27256-25 

P27256-25 

Symbol 

Parameter 

Min 

Max 

Min 

Max 

Min 

Max 



tACC 

Address to Output 
Delay 


170 


200 


250 

ns 

_j 

> 

II 

IUJ 

to 

11 

ILK 

to 

tCE 

CE to Output Delay 


170 


200 


250 

ns 

_j 

> 

11 

IUJ 

to 

tOE 

OE to Output Delay 


70 


75 


100 

ns 

_i 

> 

11 

IUJ 

to 

t D F (4) 

OE High to Output 
Float 

0 

35 

0 

55 

0 

60 

ns 

_i 

> 

11 

IUJ 

to 


Output Hold from 
Address, CE or OE 
Whichever 

Occurred First 

0 


0 


0 


ns 



NOTES: 

1. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

2. Vpp may be connected directly to Vcc except during programming. The supply current would then be the sum of Ice and 
Ipp. The maximum current value is with outputs Oo to O 7 unloaded. 

3. Typical values are for T A = 25°C and nominal supply voltages. 

4. This parameter is only sampled and is not 100% tested. Output Data Float is defined as the point where data is no longer 
driven — see timing diagram. 

5. Packaging Options: No prefix = Cerdip; P = Plastic DIP. 


CAPACITANCE^) (T a = 25°C, f = 1 MHz) 


Symbol 

Parameter 

Typ(D 

Max 

Unit 

Conditions 

C|N 

Input Capacitance 

4 

6 

PF 

> 

0 

ll 

z 

> 

Gout 

Output Capacitance 

8 

12 

PF 

VqUT = ov 


NOTES: 

1 . T a = 25°C, V C c = 5.0V. 

2. This parameter is only sampled and is not 100% tested. 


A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 
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A.C. WAVEFORMS 





V,H v 

ADDRESSES A 

L ADDRESS 4 

5 ^ Jf 

< 

V IL ' 




ifl 

CE 

V,L 

A 

/ 

1 

L—<ce (3) 


V IH 

OE 

V,L 

\ 


HIGH Z 

— + (3)_ 

-a i • 


— 

r ‘acc 

OUTPUT HIGH 2 

/ 7777 

VALID OUTPUT 

\\\ 


\\\\\ 

/// 

/ 
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NOTES: 

1. Typical values are for Ta = 25°C and nominal supply voltages. 

2. Thi s parameter is only sampled and is not 100% tested. 

3. OE may be delayed up to tcE-toE after the falling edge of CE without impact on tQ^. 


Table 1. Operating Modes 


Pins 

CE 

OE 

A 9 

A 0 

Vpp 

o 

o 

> 

Outputs 

Mode 

Read 

V|L 

V(L 

X(1) 

X 

Vcc 

5.0V 

Dout 

Output Disable 

V|L 

V|H 

X 

X 

Vcc 

5.0V 

High Z 

Standby 

V| H 

X 

X 

X 

Vcc 

5.0V 

High Z 

Programming 

V|L 

V| H 

X 

X 

(4) 

(4) 

Din 

Program Verify 

V| H 

V|L 

. X 

X 

(4) 

(4) 

d OUT 

Optional Program 
Verify 

V|L 

V| L 

X 

X 

Vcc 

(4) 

DoUT 

Program Inhibit 

V|H 

V| H 

X 

X 

(4) 

(4) 

High Z 

int e ligent Identified 3 ) 
— manufacturer 

— device 

V| L 

V|L 

Vh<2> 

V|L 

5.0V 

5.0 V 

89H(5) 

88H<5) 

V|L 

V|L 

Vh<2> 

V,H 

5.0V 

5.0 V 

04H 


DEVICE OPERATION 

The modes of operation of the 27256 are listed in 
Table 1. A single 5V power supply is required in the 
read mode. All inputs are TTL levels except for Vpp 
and 12V on A9 for int e ligent identifier mode. 



Read Mode 

The P27256 has two control functions, both of which 
must be logically active in order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE) is the output control and should be used to 
gate data from the output pins, independent of de- 
vice selection. Assuming that addresses are stable, 
the address access time (tAcc) * s equal to the delay 
from CE to output (tcE)- Data is available at the out- 
puts after a delay of toE fro™ the falling edge of OE, 
assuming that CE has been low and addresses have 
been stable for at least tAcc-toE- 


NOTES: 

1. X can be V|p or Vn_. 

2. V H = 1 2.0V ± 0.5V. 

3. A-i-Ae, A-iq-A- 13 = V|i_, Ai4 = V|H- 

4. See Table 2 for Vcc and Vpp voltages. 

5. The manufacturers identifier reads 89H for Cerdip 
EPROMs; 88H for Plastic EPROMs. 


Standby Mode 

EPROMs can be placed in a standby mode which 
reduces the maximum current of_the devices by ap- 
plying a TTL-high signal to the CE input. When in 
standby mode, the outputs are in a high impedance 
state, independent of the OE input. 
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Two Line Output Control 

Because EPROMs are usually used in larger memo- 
ry arrays, Intel has provided 2 control lines which 
accommodate this multiple memory connection. The 
two control lines allow for: 

a) the lowest possible memory power dissipation, 
and 

b) complete assurance that output bus contention 
will not occur. 

To use these two control lines most efficiently, CE 
should be decoded and used as the primary device 
selecting function, while OE should be made a com- 
mon connectio n to al l devices in the array and con- 
nected to the READ line from the system control 
bus. This assures that all deselected memory devic- 
es are in their low power standby mode and that the 
output pins are active only when data is desired from 
a particular memory device. 

SYSTEM CONSIDERATIONS 

The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, Iqq, has three segments that are of interest 
to the system designer — the standby current level, 
the active current level, and the transient current 
peaks that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient current peaks is dependent on the output ca- 
pacitive and inductive loading of the device. The as- 
sociated transient voltage peaks can be suppressed 
by complying with Intel’s Two-Line Control and by 
properly selected decoupling capacitors. It is recom- 
mended that a 0.1 jllF ceramic capacitor be used on 
every device between Vcc and GND. This should be 
a high frequency capacitor of low inherent induc- 
tance and should be placed as close to the device 
as possible. In addition, a 4.7 jmF bulk electrolytic 
capacitor should be used between Vcc and GND for 
every eight devices. The bulk capacitor should be 
located near where the power supply is connected 
to the array. The purpose of the bulk capacitor is to 
overcome the voltage droop caused by the inductive 
effects of PC board traces. 


PROGRAMMING MODES 

Caution: Exceeding 14V on Vpp will permanently 
damage the device. 

Initially, and after each erasure, all bits of the 
EPROM are in the “1” state. Data is introduced by 
selectively programming “Os” into the desired bit lo- 
cations. Although only “Os” will be programmed, 
both “Is” and “Os” can be present in the data word. 
The only way to change a “0” to a “1”is by ultravio- 
let light exposure (Cerdip EPROMs). 


The device is in the programming mode when Vpp is 
raised to its programming voltage (see Table 2) and 
CE is at TTL-low. The data to be programmed is 
applied 8 bits in parallel to the data output pins. The 
levels required for the address and data inputs are 
TTL. 


Program Inhibit 

Programming of multiple EPROMs in parallel with 
different data is easily accomplished by using the 
Program Inhibit mode. A high-level CE input inhibits 
the other devices from being programmed. 

Except for CE, all like inputs of the parallel EPROMs 
may be common. A TTL low-level pulse applied to 
the CE input with Vpp at its programming voltage will 
program the selected device. 


Program Verify 

A verify should be performed on the programmed 
bits to determine that they have been correctly pro- 
grammed. The verify is performed with OE at V||_, CE 
at V|h, and Vpp and Vqc at their programming volt- 
ages. 


Optional Program Verify 

The optional verify may be performed in place of the 
verify mode. It is performed with OE at V||_, CE at V|[_ 
(as opposed to the standard verify which has CE at 
Vih), and Vpp at its programming voltage. The out- 
puts will tri-state according to the signal presented 
to OE. Therefore, all devices with Vpp = 12.75V 
(12.5V int e ligent programming) and OE = V||_ will 
present data on the bus independent of the CE 
state. When parallel programming several devices 
which share a common bus, Vpp should be lowered 
to Vqc (= 6.25/6.0V — see Table 2) and the normal 
read mode used to execute a program verify. 


int e ligent Identifier™ Mode 

The int e ligent Identifier Mode allows the reading out 
of a binary code from an EPROM that will identify its 
manufacturer and type. This mode is intended for 
use by programming equipment for the purpose of 
automatically matching the device to be pro- 
grammed with its corresponding programming algo- 
rithm. This mode is functional in the 25°C±5°C am- 
bient temperature range that is required when pro- 
gramming the device. 
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To activiate this mode, the programming equipment 
must force 1 1.5V to 12.5V on address line A9 of the 
EPROM. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AO from V|[_ to V|h- All other address lines 
must be held at V||_ during int e ligent Identifier Mode. 

Byte 0 (AO = V|[_) represents the manufacturer code 
and byte 1 (AO = Vih) the device identifier code. 
These two identifier bytes are given in Table 1. 


ERASURE CHARACTERISTICS (FOR 
CERDIP EPROMs) 

The erasure characteristics are such that erasure 
begins to occur upon exposure to light with wave- 
lengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluo/escent lamps have wavelengths in the 
3000-4000A range. Data shows that constant expo- 


sure to room level fluorescent lighting could erase 
the EPROM in approximately 3 years, while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the EPROM is to be 
exposed to these types of lighting conditions for ex- 
tended periods of time, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a 
minimum of 15 Wsec/cm 2 . The erasure time with 
this dosage is approximately 1 5 to 20 minutes using 
an ultraviolet lamp with a 12000 juW/cm 2 power rat- 
ing. The EPROM should be placed within 1 inch of 
the lamp tubes during erasure. The maximum inte- 
grated dose an EPROM can be exposed to without 
damage is 7258 Wsec/cm 2 (1 week @ 12000 
jitW/cm 2 ). Exposure of the device to high intensity 
UV light for long periods may cause permanent dam- 
age. 
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Figure 3. Quick-Pulse ProgrammingTM Algorithm 


Quick-Pulse ProgrammingTM Algorithm 
(For Plastic EPROMs) 

Intel’s Plastic EPROMs can now be programmed us- 
ing the Quick-Pulse Programming Algorithm, devel- 
oped by Intel to substantially reduce the throughput 
time in the production programming environment. 
This algorithm allows Plastic devices to be pro- 
grammed in under four seconds, almost a hundred 
fold improvement over previous algorithms. Actual 
programming time is a function of the PROM pro- 
grammer being used. 

The Quick-Pulse Programming Algorithm uses initial 
pulses of 100 microseconds followed by a byte veri- 
fication to determine when the address byte has 


been successfully programmed. Up to 25 100 jus 
pulses per byte are provided before a failure is rec- 
ognized. A flowchart of the Quick-Pulse Program- 
ming Algorithm is shown in Figure 3. 

For the Quick-Pulse Programming Algorithm, the en- 
tire sequence of programming pulses and byte verifi- 
cations is performed at Vcc = 6.25V and Vpp at 
12.75V. When programming of the EPROM has 
been completed, all bytes should be compared to 
the original data with Vcc = V PP = 5.0V. 

In addition to the Quick-Pulse Programming Algo- 
rithm, Plastic EPROMs are also compatible with In- 
tel’s int e ligent Programming Algorithm. 
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Figure 4. int e ligent ProgrammingTM Flowchart 


int e ligent ProgrammingTM Algorithm P ulse of len 9 th 3X msec, x is an iteration counter 

and is equal to the number of the initial one millisec- 
The int e ligent Programming Algorithm has been a ond pulses applied to a particular location, before a 

standard in the industry for the past few years. A correct verify occurs. Up to 25 one-millisecond puls- 

flowchart of the int e ligent Programming Algorithm is es per byte are provided for before the overprogram 

shown in Figure 4. pulse is applied. 

The int e ligent Programming Algorithm utilizes two The entire sequence of program pulses and byte 

different pulse types: initial and overprogram. The verifications is performed at Vcc = 6.0V and 

duration of the initial CE pulse(s) is one millisecond, V PP = 12.5V. When the int e ligent Programming cy- 

which will then be followed by a longer overprogram cle has been completed, all bytes should be com- 

- pared to the original data with Vqc = V PP = 5.0V. 
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TABLE 2. D.C. PROGRAMMING CHARACTERISTICS t a = 25 ±5°C 


Symbol 

Parameter 

Limits 

Test Conditions 
(see Note 1) 

Min 

Max 

Unit 

Ili 

Input Current (All Inputs) 


10 

juA 

V|N = V| L orV| H 

V|L 

Input Low Level (All Inputs) 

- 0.1 

0.8 

V 


V|H 

Input High Level 

2.0 

Vcc 

V 


v OL 

Output Low Voltage During Verify 


0.45 

V 

Iql = 2.1 mA 

VOH 

Output High Voltage During Verify 

2.4 


V 

Ioh = -400 jllA 

ICC 2 ^ 

v cc Supply Current (Program & Verify) 


125 

mA 


IPP 2 ^ 

Vpp Supply Current (Program) 


50 

mA 

CE = V| L 

V|D 

A 9 int e ligent Identifier Voltage 

11.5 

12.5 

V 


Vpp 

int e ligent Programming Algorithm 

12.0 

13.0 

V 

_l 

> 

II 

ILD 

IQ 

Quick-Pulse Programming Algorithm 

12.5 

13.0 

V 

> 

II 

ILU 

IQ 

Vcc 

int e ligent Programming Algorithm 

5.75 

6.25 

V 


Quick-Pulse Programming Algorithm 

6.0 

6.5 

V 



T a = 25 ± 5°C (see table 2 for V<x and Vpp voltages) 


Symbol 

Parameter 

Limits 

Test Conditions 41 
(Note 1) 

Min 

Typ 

Max 

Unit 

*AS 


2 



jULS 


tOES 


2 



JUS 


tDS 


2 



JUS 


*AH 

Address Hold Time 

0 



JULS 



Data Hold Time 

2 











(Note 3) 

WPS 

Vpp Setup Time 

2 



fXS 


Wes 

Vcc Setup Time 

2 



JULS 


tpw 

CE Initial Program Pulse Width 

0.95 

1.0 

1.05 

ms 

int e ligent Programming 

95 

100 

105 

JUS 

Quick-Pulse Programming 

*OPW 

CE Overprogram Pulse Width 

2.85 


78.75 

ms 

(Note 2 ) 

tOE 

Data Valid from OE 



150 

ns 



A.C. PROGRAMMING CHARACTERISTICS 


*A.C. CONDITIONS OF TEST 

Input Rise and Fall Times 

(10% to 90%) 20 ns 

Input Pulse Levels 0.45V to 2.4V 

Input Timing Reference Level 0.8V and 2.0V 

Output Timing Reference Level 0.8V and 2.0 V 


NOTES: 

1. Vcc nnust be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 

2. The length of the overprogram pulse may vary from 
2.85 msec to 78.75 msec as a function of the iteration 
counter value X (int e ligent Programming Algorithm only). 

3. This parameter is only sampled and is not 100% tested. 
Output Data Float is defined as the point where data is no 
longer driven— see timing diagram on the following page. 

4. The maximum current value is with outputs Oq to O 7 un- 
loaded. 
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PROGRAMMING WAVEFORMS 



NOTES: 

1. The input timing reference level is 0.8V for a Vil and 2 V for a V|h- 

2. toE and toFP are characteristics of the device but must be accommodated by the programmer. 

3. When programming the 27256 a 0.1 ju,F capacitor is required across Vpp and ground to suppress spurious voltage tran- 
sients which can damage the device. 

4. 12.75V Vpp & 6.25 V Vcc for Quick-Pulse Programming Algorithm. 12.5V Vpp & 6.0V Vcc for int e ligent Programming 
Algorithm. 


REVISION HISTORY 



04 Revised Pin Configuration. Revised Express options. 

Deleted -3, -30, -5, L-2, L-20 and L-1 speed bins. 

D.C. Characteristics — lj_i Conditions are Vjn = 0V to Vcc- 
D.C. Characteristics — lj_o Conditions are Vqut = 0V to Vcc- 


5-49 





intoT 

27C256 

256K (32K x 8) CHMOS EPROM 


■ High Speed 

— 120 ns Access Time 

■ Low Power Consumption 

— 100 ju,A Standby, 30 mA Active 

■ Fast Programming 

— Quick-Pulse ProgrammingTM 
Algorithm 

— Programming Time as Fast as 4 
Seconds 


■ EPI Processing 

— Maximum Latch-up Immunity 

li Simple Interfacing 
— Two Line Control 
— CMOS and TTL Compatible 

■ Versatile JEDEC-Approved Packaging 
— Standard 28-Pin CERDIP 

— Compact 32-Lead PLCC 
— Cost Effective Plastic DIP 

(See Packaging Spec., Order #231369) 


Intel’s 27C256 is a 5 V only, 262,144-bit Erasable Programmable Read Only Memory, organized as 32,768 
words of 8 bits. Its standard pinouts provide for simple upgrades to 512 Kbits in the future in both DIP and 
SMT. 


The 27C256 is ideal in embedded control applications based on advanced 16-bit CPUs. Fast 120 ns access 
times allow no-wait-state operation with the 12 MHz 80286. The 27C256 also excels in reprogrammable 
environments where the system designer must strike an optimal density/performance balance. For example, 
bootstrap and diagnostic routines run 1 -wait-state on a 16 MHz 386 tm microprocessor. 

Intel offers two DIP profile options to meet your prototyping and production needs. The windowed ceramic dip 
(CERDIP) package provides erasability and reprogrammability for prototyping and early production. Once the 
design is in full production, the plastic dip (PDIP) one-time programmable part provides a lower cost alternative 
that is well adapted for auto insertion. 

In addition to the JEDEC 28-pin DIP package, Intel also offers a 32-lead PLCC version of the 27C256. This 
one-time-programmable surface mount device is ideal where board space consumption is a major concern or 
where surface mount manufacturing technology is being implemented across an entire production line. 

The 27C256 is equally at home in both TTL and CMOS environments. The Quick-Pulse programmingTM 
algorithm improves speed as much as 100 times over older methods, further reducing cost for system manu- 
facturers. 


Vcc < 

GNDc 

Vpp c 


OE- 

CE- 


A)”Ai4 

ADDRESS 

INPUTS 


DATA OUTPUTS 

O0-O7 

tttfttti 


OE, CE 

AND PROGRAM 
LOGIC 


OUTPUT BUFFERS 




Y 

DECODER 

• 

Y-GATING 

X 

DECODER 

• 

• 

• 

• 

• 

• 

262,144 BIT 

CELL MATRIX 




Figure 1. Block Diagram 
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Pin Names 


A0-A15 

ADDRESSES 

O0-O7 

OUTPUTS 

OE 

OUTPUT ENABLE 

CE 

CHIP ENABLE 

PGM 

PROGRAM 

NC 

NO CONNECT 

DU 

DON’T USE 


27128A 

27C128 

2764A 

27C64 

2732A 

2716 

Vp P 

Vp P 



A« 

A12 



a 7 

a 7 

a 7 

a 7 

a 6 

a 6 

a 6 

A 6 

As 

As 

As 

A5 

a 4 

a 4 

a 4 

a 4 

A3 

a 3 

a 3 

a 3 

a 2 

a 2 

a 2 

a 2 

Ai 

Ai 

Ai 

Ai 

Ao 

Ao 

Ao 

Ao 

O 0 

O 0 

O 0 

Oo 

Oi 

Oi 

Oi 

Oi 

0 2 

0 2 

o 2 

o 2 


27C256 


2716 2732A 


Vcc NC 

Ag Aq As 

Ag Ag Ag 

Vpp A-j i An 

OE OE/Vpp OE 

Aio A^ Aio 

CE CE 

0 7 0 7 

Og 06 

0 5 0 5 

0 4 O 4 

Os Os 



27C64 27128A 27512 

27C64 27C128 27C512 


V CC V CC V C 
PGM PGM Ai 



OE OE/Vpp 
Aio A iq 
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EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 

The Intel EXPRESS EPROM family receives addi- 
tional processing to enhance product characteris- 
tics. EXPRESS processing is available for several 
densities allowing the appropriate memory size to 
match system requirements. EXPRESS EPROMs 
are available with 168 ±8 hour, 125°C dynamic 
burn-in using Intel’s standard bias configuration. 
This processing meets or exceeds most industry 
burn-in specifications. The EXPRESS product family 
is available in both 0°C to 70°C and -40°C to 85°C 
operating temperature range versions. Like all Intel 
EPROMs, the EXPRESS EPROM family is inspected 
to 0.1% electrical AQL. This allows reduction or 
elimination of incoming testing. 


Options 


Speed 

Packaging 

CERDIP 

PLCC 

PDIP 

— 120V10 

Q, T, L 

T 

T 

-200V10 

Q, T, L 

T 



EXPRESS EPROM FAMILY 

PRODUCT DEFINITIONS 


Type 

Operating 
Temperature (°C) 

Burn-in 125°C (hr) 

Q 

0°C to 70°C 

168 ±8 

T 

— 40°C to 85°C 

NONE 

L 

- 40°C to 85°C 

168 ±8 



Burn-In Bias and Timing Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 0°C to 70°C( 1 ) 

Temperature Under Bias — 10°C to 80°C 

Storage Temperature - 65°C to 1 25°C 

Voltage on Any Pin (except Ag, Vqc and Vpp) 
with Respect to GND -2V to 7V( 2 ) 

Voltage on Ag with 

Respect to GND -2V to 13.5V(2) 

Vpp Supply Voltage 

with Respect to GND -2V to 14.0V(2) 

Vqc Supply Voltage with 

Respect to GND - 2V to 7.0V(2) 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


READ OPERATION DC CHARACTERISTICS^) v cc = 5.0V ± 10 % 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

Ili 

Input Load Current 

7 


0.01 

1.0 

jwA 

V|n “ 0V to Vqq 

•lo 

Output Leakage Current 




±10 

ju,A 

VoUT = ov to Vqq 

•SB 

Vqq Standby Current 




1.0 

mA 

I 
> 

II 

|LU 

lo 

100 

ju,A 

CE = Vqq ±0.2V 

lec 

Vqq Operating Current 

3 



30 

mA 

CE = V, L 
f = 5 MHz 

Ipp 

Vpp Operating Current 

3 



200 

/xA 

O 

O 

> 

II 

CL 

CL 

> 

los 

Output Short Circuit Current 

4,6 



100 

mA 


V|L 

Input Low Voltage 


-0.5 


0.8 

V 


VlH 

Input High Voltage 


2.0 


Vqq + 0.5 

V 


VOL 

Output Low Voltage 




0.45 

V 

Iql = 2.1 mA 

Voh 

Output High Voltage 


2.4 



v | 

Iqh = -400 jllA 

Vpp 

Vpp Operating Voltage 

5 

d 

1 

8 

> 


Vcc 

V 



NOTES: 

1 . Operating temperature is for commercial product defined 
by this specification. Extended temperature options are 
available in EXPRESS versions. 

2. Minimum DC voltage is -0.5V on input/output pins. Dur- 
ing transitions, this level may undershoot to -2.0 V for peri- 
ods <20 ns. Maximum DC voltage on input/output pins is 
Vqc + 0.5V which, during transitions, may overshoot to 
Vcc + 2.0V for periods <20 ns. 

3. Maximum active power usage is the sum Ipp + Ice- 
Maximum current value is with outputs Oq to O7 unloaded. 


4. Output shorted for no more than one second. No more 
than one output shorted at a time. 

5. Vpp may be connected directly to Vcc. or may he one 
diode voltage drop below Vcc- Vcc must be applied simul- 
taneously or before Vpp and removed simultaneously or af- 
ter Vpp. 

6. Sampled, not 100% tested. 

7. Typical limits are at Vcc = 5V, T^ = 25°C. 
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READ OPERATION AC CHARACTERISTICS^) V cc = 5.0V ± 10% 


Versionsf 4 ) 

Vcc ±10% 

27C256-120V10 

P27C256-120V10 

N27C256-120V10 

27C256-150V10 

P27C256-150V10 

N27C256-150V10 

27C256-200V10 
P27C256-200 V 1 0 
N27C256-200 V 1 0 

Unit 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

tACC - 

Address to Output Delay 



120 


150 


200 

ns 

tCE 

CE to Output Delay 

2 


120 


150 


200 

ns 

tOE 

OE to Output Delay 

2 


55 


60 


75 

ns 

tDF 

OE High to Output High Z 

3 


30 


50 


55 

ns 

tQH 

Output Hold from Addresses, CE or 
OE Change-Whichever is First 

3 

0 


0 


0 


ns 


NOTES: 

1. See AC Input/Output Reference Waveform for timing measurements. 

2. OE may be delayed up to tcE-toE after the falling edge of CE without impact on tcE- 

3. Sampled, not 100% tested. 

4. Package Prefixes: No Prefix = CERDIP; N = PLCC; P = PDIP. 
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AC WAVEFORMS 



CAPACITANCE^) T A =. 25°C, f = 1.0 MHz 


Symbol 

Parameter 

Max 

Units 

Conditions 

C|N 

Address/Control Capacitance 

6 

PF 

> 

o 

II 

z 

> 

C OUT 

Output Capacitance 

12 

pF 

Vqut = °v 


NOTE: 


1. Sampled, not 100% tested. 

AC INPUT/OUTPUT REFERENCE WAVEFORM AC TESTING LOAD CIRCUIT 
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DEVICE OPERATION 

The Mode Selection table lists 27C256 operating modes. Read Mode requires a single 5V power supply. All 
inputs, except Vcc and Vpp, and Ag during int e ligent Identifier Mode, are TTL or CMOS. 


Table 1. Mode Selection 


Mode 

Notes 

CE 

OE 

Ag 

Ao 

Vpp 

Vcc 

Outputs 

Read 

1 



X 

X 

Vcc 

Vcc 

Dout 





X 

X 

Vcc 

Vcc 

High Z 

Standby 



X 

X 

X 



High Z 

Program 

2 



X 

X 

Vpp 

Vcp 

d IN 

Program Verify 


V|H 

V|L 

X 

X 

Vpp 

Vcp 

Dout 




V|H 

X 

X 

Vpp 


HIGH Z 

int e ligent Identifier 
-Manufacturer 

2,3 

V|L 

V|L 

. ' 

V|D 

VlL 

Vcc 

Vcc 

89 H 

int e ligent Identifier 
-Device 

2, 3,4 

V|L 

V| L 

V|D 

V|H 

Vcc 

Vcc 

8DH 


NOTES: 

1. X can be V||_ or Vih- 

2. See DC Programming Characteristics for Vcp, Vpp and V|q voltages. 

3. Ai-A 8 , A-io-14 = V||_. 

4. Programming equipment may also refer to this device as the 27C256A. Older devices may have device ID = 8CH. 


Read Mode 

The 27C256 has two control functions, both must be 
enabed to obtain data at the outputs. CE is the pow- 
er control and device select. OE controls the output 
buffers to gate data to the outputs. With addresses 
stable, the address access time (tAcc) equals the 
delay from CE to output (tcE)- Outputs display valid 
data tQE after OE’s falling edge, assuming tAcc and 
tcE times are met. 

Vqc must be applied simultaneously or before 
Vpp and removed simultaneously or after Vpp. 


Two Line Output Control 

EPROMs are often used in larger memory arrays. 
Intel provides two control inputs to accommodate 
multiple memory connections. Two-line control pro- 
vides for: 

a) lowest possible memory power dissipation 

b) complete assurance that data bus contention will 
not occur 


To efficiently use these two control inputs, an ad- 
dress decoder should enable CE, while OE should 
be co nnecte d to all memory devices and the sys- 
tem’s READ control line. This assures that only se- 
lected memory devices have active outputs while 
deselected memory devices are in Standby Mode. 


Standby Mode 

Standby Mode substantially reduces Vqc current. 
When CE = Vih, the outputs are in a high imped- 
ance state, independent of OE. 
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Program Mode 

Initially, and after each erasure, all EPROM bits are 
in the "I” state. Data is introduced by selectively 
programming “0’s” into the desired bit locations. Al- 
though only “0’s” are programmed, the data word 
can contain both “Vs” and “0’s”. Ultraviolet light 
erasure is the only way to change “0’s” to “Vs". 

Program Mode is entered when Vpp is raised to 
12.75V. Data is introduced by applying an 8-bit word 
to the output pins. Pulsing CE low while OE = Vm 
programs that data into the device. 


Program Verify 

A verify should be performed following a program 
operation to determine that bits have been correctly 
programmed. With Vcc at 6.25V a substantial pro- 
gram margin is ensured. The verify is performed with 
CE at Vm- Valid data is available toE after OE falls 
low. 


Program Inhibit 

Program Inhibit Mode allows parallel programming 
of multiple EPROMs with different data. CE-high in- 
hibits programming of non-targeted devices. Except 
for CE and OE, parallel EPROMs may have common 
inputs. 


int e ligent Identifier™ Mode 

The int e ligent Identifier Mode will determine an 
EPROM’s manufacturer and device type, allowing 
programming equipment to automatically match a 
device with its proper programming algorithm. 

This mode is activated when a programmer forces 
12V + 0.5V on A 9 . With CE, OE, A-|-A 8 , and A 10 - 
Ai4 at V|l, Aq = V|i_ will present the manufacturer 
code and Aq = Vm the device code. This mode 
functions in the 25°C ± 5°C ambient temperature 
range required during programming. 


UPGRADE PATH 

Future upgrade to the 51 2 Kbit density is easily ac- 
complished due to the standardized pin configura- 
tion of the 27C256. A jumper between A^ 5 and Vcc 


allows upgrade using the Vpp pin. Systems designed 
for 256 Kbit program memories today can be up- 
graded to 512 Kbit in the future with no circuit board 
changes. 


SYSTEM CONSIDERATIONS 

EPROM power switching characteristics require 
careful device decoupling. System designers are in- 
terested in 3 supply current issues: standby current 
levels (Isb). active current levels (Ice), and transient 
current peaks produced by falling and rising edges 
of CE. Transient current magnitudes depend on the 
device output’s capacitive and inductive loading. 
Two-Line Control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 juF ceramic capacitor 
connected between its Vcc and GND. This high fre- 
quency, low inherent-inductance capacitor should 
be placed as close as possible to the device. Addi- 
tionally, for every 8 devices, a 4.7 ju.F electrolytic 
capacitor should be placed at the array’s power sup- 
ply connection between Vcc and GND. The bulk ca- 
pacitor will overcome voltage slumps caused by PC 
board trace inductances. 


ERASURE CHARACTERISTICS 

Erasure begins when EPROMs are exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be rioted that sunlight and 
certain flourescent lamps have wavelengths in the 
3000A-4000A range; Data shows that constant ex- 
posure to room level fluorescent lighting can erase 
an EPROM in approximately 3 years, while it takes 
approximately 1 week when exposed to direct sun- 
light. If the device is exposed to these lighting condi- 
tions for extended periods, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure is exposure 
to ultraviolet light of wavelength 2537A. The inte- 
grated dose (UV intensity x exposure time) for era- 
sure should be a minimum of 1 5 Wsec/cm 2 Erasure 
time is approximately 1 5 to 20 minutes using an ul- 
traviolet lamp with a 12000 jmW/cm 2 power rating. 
The EPROM should be placed within 1 inch of the 
lamp tubes. An EPROM can be permanently 
damaged if the integrated dose exceeds 
7258 Wsec/cm 2 (1 week @ 12000 jutW/cm 2 ). 
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Figure 4. Quick-Pulse ProgrammingTM Algorithm 


Quick-Pulse Programming™ 

Algorithm 

The Quick-Pulse Programming algorithm programs 
Intel's 27C256. Developed to substantially reduce 
programming throughput, this algorithm can program 
the 27C256 as fast as 4 seconds. Actual program- 
ming time depends on programmer overhead. 


The Quick-Pulse programming algorithm employs a 
100 jms pulse followed by a byte verification to deter- 
mine when the addressed byte has been sucessfully 
programmed. The algorithm terminates if 25 at- 
tempts fail to program a byte. 

The entire program pulse/byte verify sequence is 
performed with Vpp = 12.75V and Vqc = 6.25V. 
When programming is complete, all bytes are com- 
pared to the original data with Vqq = Vpp = 5.0V. 
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DC PROGRAMMING CHARACTERISTICS t a = 25°C ±5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

Ili 

Input Load Current 




1.0 

fJL A 

Vin = V|l °r V| H 

•cp 

Vcc Program Current 

1 



30 

mA 

—I 

> 

II 

ILU 

IQ 

Ipp 

Vpp Program Current 

1 



50 

mA 

> 

II 

ILU 

IQ 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 


V| H 

Input High Voltage 


2.4 


6.5 

V 


VOL 

Output Low Voltage (Verify) 




0.45 

V 

Iql = 2.1 mA 

VoH 

Output High Voltage (Verify) 







V ID 

Ag lnt e ligent Identifier Voltage 


11.5 

12.0 




Vpp 

Vpp Program Voltage 

2,3 

12.5 

12.75 

13.0 

V 


V CP 

Vcc Supply Voltage (Program) 

2 

6.0 

6.25 

6.5 

V 



AC PROGRAMMING CHARACTERISTICS**) t a - 25°C ±5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

tvcs 

Vcp Setup Time 

2 

2 



julS 

Wps 

Vpp Setup Time 

2 

2 



JULS 

*AS 

Address Setup Time 


2 



JULS 

*DS 

Data Setup Time 


2 



JULS 


CE Program Pulse Width 


95 



JULS 

X DH 

Data Hold Time 


2 



JULS 

tOES 

OE Setup Time 


2 



fX S 

tOE 

Data Valid from OE 

5 



150 

ns 

*DFP 

OE High to 

Output High Z 

5,6 

0 


130 

ns 

*AH 

Address Hold Time 


0 



JULS 


NOTES: 

1. Maximum current value is with outputs Oq to O7 unload- 
ed. 

2. Vcp must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 

3. When programming, a 0.1 julF capacitor is required 
across Vpp and GND to suppress spurious voltage tran- 
sients which can damage the device. 


4. See AC Input/Output Reference Waveform for timing 
measurments. 

5. toE and toFP are device characteristics but must be ac- 
commodated by the programmer. 

6. Sampled, not 100% tested. 
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REVISION HISTORY 


Number 

Description 

010 

Revised general datasheet structure, text to improve clarity 

Revised Isb Test Condition from CE = Vcc to CE = Vcc ± 0.2V 

Revised Vqh from 3.5V to 2.4V, Iqh from -2.5 mA to -400 jllA 

Deleted 51 2K PLCC pinout references 

Deleted -150V10, -2, -20, -STD and -25 EXPRESS offerings 

Added - 1 20V1 0, - 200V1 0, PLCC and PDIP EXPRESS offerings 

Deleted -20, -25 and all 5% Vcc speed bins 

Added PLCC and PDIP - 1 20 speed bin packages 
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27C512 

512K (64K x 8) CHMOS EPROM 

■ Software Carrier Capability ■ 

■ 120 ns Access Time 

■ Two-Line Control 

■ 

m lnt e ligent Identifier™ Mode 

— Automated Programming Operations 

■ CMOS and TTL Compatible 

The Intel 27C512 is a 5V-only, 524, 288-bit Erasable Programmable Read Only Memory (EPROM), organized 
as 65,536 words of 8 bits. Individual bytes are accessed in 120 ns. This ensures compatibility with high-per- 
formance microprocessors, such as the Intel 12 MHz iAPX 286, allowing full speed operation without the 
addition of performance-degrading WAIT states. The 27C512 is also directly compatible with Intel’s 80C51 
family of microcontrollers. 

The 27C512 enables implementation of new, advanced systems with firmware intensive architectures. The 
combination of the 27C512’s high-density, cost-effective EPROM storage, and new advanced microproces- 
sors having megabyte addressing capability provides designers with opportunities to engineer user-friendly, 
high-reliability, high-performance systems. 

The 27C512’s large storage capability of 64 K-bytes enables it to function as a high-density software carrier. 
Entjre operating systems, diagnostics, high-level language programs and specialized application software can 
reside in a 27C512 directly on a system’s memory bus. This permits immediate microprocessor access and 
execution of software and eliminates the need for time-consuming disk accesses and downloads. 

Intel’s Quick-Pulse ProgrammingTM algorithm enables the 27C512 to be programmed as fast as eight seconds 
(plus programmer overhead). Programming equipment which takes advantage of the int e ligent IdentifierTM will 
electronically identify the EPROM and automatically program it using a superior programming method. 

Two-line control and JEDEC-approved, 28-pin packaging are standard features of the 27C512. This assures 
easy microprocessor interfacing and minimum design efforts when upgrading, adding, or choosing between 
nonvolatile memory alternatives. 

CHMOS is a patented process of Intel Corporation. 


Low Power 

— 30 mA Max. Active 

— 100 jaA Max. Standby 

Fast Programming 

— Quick-Pulse Programming™ 
Algorithm 

— Programming Time as Fast as 8 
Seconds 



Figure 1. Block Diagram 
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Pin Names 


A0-A15 

ADDRESSES 

CE 

CHIP ENABLE 

OE/Vpp 

OUTPUT ENABLE/Vpp 

PGM 

PROGRAM 

O0-O7 

OUTPUTS 

NC 

NO CONNECT 


27256 

27C256 

— 

27C128 

27 128 A 

2764A 

27C64 

2732A 

2716 


27C512 


2716 

2732A 

2764A 

27C64 

27C128 

27128A 

27256 

27C256 

Vpp 

Vpp 

Vpp 



Al5C 

1 

28 

□ v cc 



Vcc 

Vcc 

Vcc 

a 12 

A -12 

A -12 



Al 2 C= 

2 

27 

3*14 



PGM 

PGM 

A 14 

Ay 

a 7 

At 

a 7 

a 7 

Ayd 

3 

26 

0*13 

Vcc 

Vcc 

NC 

A 13 

A 13 

A6 

a 6 

a 6 

a 6 

A6 

A 6 C 

4 

25 

□ Aq 

As 

As 

As 

As 

As 

A 5 

A 5 

A 5 

A 5 

A 5 

A 5 d 

5 

24 

3*9 

Ag 

Ag 

A 9 

Ag 

A 9 

a 4 

a 4 

a 4 

a 4 

a 4 

A 4 C 

6 

23 

□ An 

Vpp 

An 

An 

An 

An 

a 3 

A 3 

a 3 

a 3 

a 3 

a 3 c 

7 

22 

□ OE/Vpp 

OE 

OE/Vpp 

OE 

OE 

OE 

a 2 

a 2 

a 2 

a 2 

a 2 

A 2 C 

8 

21 

□ A 10 

A 10 

A 10 

A 10 

A 10 

A 10 

Ai 

Ai 

Ai 

Ai 

Ai 

Aid 

9 

20 

□ CE 

CE 

CE 

CE 

CE 

CE 

A 0 

A 0 

Ao 

Ao 

Ao 

A 0 d 

10 

19 

n° 7 

°7 

Oy 

o 7 

o 7 

o 7 

O 0 

Oo 

Oo 

Oo 

Oo 

O 0 C 

1 1 

18 

H0 6 

06 

o 6 

o 6 

o 6 

o 6 

Oi 

Oi 

Oi 

Oi 

Oi 

Old 

12 

17 

=io 5 

0 5 

0 5 

O 5 

O 5 

0 5 

0 2 

0 2 

02 

o 2 

o 2 

0 2 d 

13 

16 

□ 0 4 

O 4 

°4 

o 4 

o 4 

o 4 

GND 

GND 

GND 

GND 

GND 

GND C 

14 

15 

=103 

O 3 

°3 

O 3 

0 3 

o 3 


290228-2 

Figure 2. DIP Pin Configuration 
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EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 

The Intel EXPRESS EPROM family receives addi- 
tional processing to enhance product characteris- 
tics. EXPRESS processing is available for several 
densities allowing the appropriate memory size to 
match system requirements. EXPRESS EPROMs 
are available with 168 ±8 hour, 125°C dynamic 
burn-in using Intel’s standard bias configuration. 
This processing meets or exceeds most industry 
burn-in specifications . The EXPRESS product family 
is available in both 0°C to 70°C and -40°C to 85°C 
operating temperature range versions. Like all Intel 
EPROMs, the EXPRESS EPROM family is inspected 
to 0.1% electrical AQL. This allows reduction or 
elimination of incoming testing. 


EXPRESS EPROM FAMILY 


PRODUCT DEFINITIONS 


Type 

Operating 

Temperature 

Burn-In 
125°C (hr) 

Q 

0°C to 70°C 

168 ± 8 

T 

-40°Cto85°C 

None 

L 

-wctoss-c 

168 ± 8 


OPTIONS 


Packaging | 

Speed 

CERDIP 

-120V10 

Q, T, L 


READ OPERATION DC CHARACTERISTICS 

Electrical parameters of EXPRESS EPROM products are identical to standard EPROM parameters except for: 


Symbol 

Parameter 

TD27C512<2) 

LD27C512 

Test Condition 

Min 

Max 

Icc^ 

Vcc Operating Current (mA) 


50 

, OE/Vpp = CE = V| L 

Vcc Operating Current 
at High Temperature (mA) 


50 

OE/Vpp = CE = V| L 
^Ambient = 85° C 


NOTE: 

1. The maximum current value is with outputs Oo to O 7 unloaded. 

2. D refers to the CERDIP package. 



OE/Vpp = + 5V R = 1 kn Vcc = +5V 
GND = OV CE = GND 


30 p . s 

‘■J - l_t 

Binary sequence from A 0 to A 15 


290228-5 


Burn-In Bias and Timing Diagrams 


5-64 








27C512 



ABSOLUTE MAXIMUM RATINGS* 


Operating Temperature 

. ...0°Cto +70°C(1) 

Temperature Under Bias 

. . . - 1 0°C to + 80°C 

Storage Temperature 

. . — 65°C to +125°C 

All Input or Output Voltages 
(except Ag, Vqc and Vpp) 
with Respect to GND 

, ...-2.0Vto7.0V(2) 

Voltage on Ag with 

Respect to GND 

. . —2.0V to 13.5V( 2 ) 

Vpp Supply Voltage 
with Respect to GND 

—2.0V to 14V( 2 ) 

Vcc Supply Voltage 

with Respect to GND 

—2.0V to 7.0V( 2 ) 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions ” is not recommended and ex- 
tended exposure beyond the “ Operating Conditions " 
may affect device reliability. 


READ OPERATION DC CHARACTERISTICS^) v cc = 5 .ov ±10% 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

lu 

Input Load Current 

7 


0.01 

1.0 



•lo 





±10 

jxA 

VoUT = 0V to + 5.5V 


Vcc Standby Current 


■ 


1.0 

mA 

CE = V|H 

100 

juA 

CE = Vcc ±0.2V 

Icc 

Vcc Operating Current 


■ 

■ 

30 



Ipp 

Vpp Operating Current 

3 



10 



los 

Output Short Circuit 
Current 

4,6 

■ 

■ 




VlL 

Input Low Voltage 


-0.5 


0.8 



V|H 

Input High Voltage 




V CC + 0.5 

V 



Output Low Voltage 




0.45 

D 

Iol = 2.1 mA 

VOH 

Output High Voltage 


2.4 



V 

Iqh = “400 fxA 


NOTES: 

1 . Operating temperature is for commercial product defined by this specification. Extended temperature options are available 
in EXPRESS versions. 

2. Minimum DC voltage is -0.5 V on input/output pins. During transitions, this level may undershoot to -2.0V for periods 
<20 ns. Maximum DC voltage on input/output pins is Vcc + 0.5V which during transitions, may overshoot to Vcc + 2.0V 
for periods <20 ns. 

3. Maximum active power usage is the sum Ipp + Ice- Maximum current value is with outputs Oo to O7 unloaded. 

4. Output shorted for no more than one second. No_more than one output shorted at a tjme. 

5. Vcc mus t be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vpp. 

6. Sampled, not 100% tested. 

7. Typical limits are at Vcc = 5V, Ta = 25°C. 
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READ OPERATION AC CHARACTERISTICS V cc = 5.0V ±10% 


Versions( 4 ) 

Vcc ± 10% 

27C512-120V10 

27C512-150V10 

27C512-200V1Q 

Unit 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

*ACC 

Address to 

Output Delay 



120 


150 


200 

ns 

tCE 

CE to Output Delay 

2 


120 


150 


200 

ns 

*OE 

OE/Vpp 
to Output Delay 

2 


55 


60 


70 

ns 

*DF 

OE/Vpp High 
to Output High Z 

3 

0 

30 

0 

50 

0 

60 

ns 

tOH 

Output Hold from 
Addresses, CE or 
OE/Vpp, Whichever 
Occurred First 

3 

0 


0 

i 


0 


ns 


NOTES: 

1 . See AC input/output reference waveform for timing measurements. 

2. OE may be delayed up to tcE-toE after the falling edge of CE without impact on tQ£. 

3. Sampled, not 100% tested. 

4. Packaging Options: No Prefix = CERDIP. 

5. Typical values are for Ta = 25°C and nominal supply voltages. 


CAPACITANCES) T a = 25°C,f = 1 MHz 


Symbol 

Parameter 

Typ( 5 ) 

Max 

Unit 

Condition 

C|N 

Input Capacitance 

4 

8 

PF 

V| N = 0V 

Gout 

Output Capacitance 

8 

12 

PF 

Vout = 0V 

CqeA/pp 

OE/Vpp Capacitance 

18 

25 

PF 

V|N = 0V 


AC INPUT/OUTPUT REFERENCE WAVEFORM 



290228-6 


NOTE: 

AC test inputs are driven at Vqh (2.4 Vjtl) for a Logic 
“1” and Vql (0.45 Vjjl) for a Logic “0”. Input timing 
begins at V|h (2.0 Vttl) and Vil (0.8 Vttl)- Output tim- 
ing ends at Vm and V||_. Input rise and fall times (10% 
to 90%) ^ 10 ns. 


AC TESTING LOAD CIRCUIT 


1.3V 



R|_ = 3.3 kfl 
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AC WAVEFORMS 



L A 


V|H V 

ADDRESSES A 

1 ADDRESS ^ 

^ VALID 

< 

V IL 




X IH 

CE 

V ' L 

A 

/ 

1 





V IH 

OE/Vpp 

V| L 

\ 

r 


U — *OE — *■ 

r Ucc *■ 

_ 

*OH ~ 

— 

*DF 

^ HIGH Z 

ourrur- HIGH 1 

[7777 

VALID OUTPUT 



\\\\\ 

/// 

/ 
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DEVICE OPERATION 

The Mode Selection table lists 27C512 operating 
modes. Read Mode requires a single 5V power sup- 
ply. All inputs, except Vcc and OE/Vpp, and Ag dur- 
ing int e ligent Identifier Mode, are TTL or CMOS. 


Table 1. Mode Selection 


Mode 

Notes 

CE 

OE/Vpp 

Ag 

Ao 

Vcc 

Outputs 

Read 

1 

V|L 

V|L 

X 

X 

Vcc 

D OUT 

Output Disable 


V|L 

V| H 

X 

X 

Vcc 

High Z 

Standby 


V| H 

X 

mm 


HS| 


Program 

2 

V|L 

Vpp 

mm 




Program Verify 


V, L 

V|L 


X 

Vcp 


Program Inhibit 


V|H 

Vpp 

X 

X 

Vcp 

High Z 

lnt e ligent -Manufacturer 

Identifier -Device 

2,3 

V|L 

V|L 

V|D 

VlL 

Vcc 

89H 

V|L 

V|L 

V|D 

V| H 

Vcc 

FDH 


NOTES: 

1 . X can be Vih or V|l- 

2 . See DG Programming Characteristics for Vcp, Vpp and Vjd voltages. 

3 . A-i-Ab, A-10-A15 = V|l- 
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Read Mode 

The 27C512 has two control functions; both must be 
enabled to obtain data at the outputs. CE is the pow- 
er pontrol and device select. OE/Vpp controls the 
output buffers to gate data to the outputs. With ad- 
dresses stable, the address access time (tACc) 
equals the delay from CE to output (toe). Outputs 
djsplay valid data toE after OE/Vpp’s falling edge, 
assuming tAcc and tcE times are met. 

Vcc must be applied simultaneously or before 
SE/Vpp and removed simultaneously or after 

5e/v pp . 

Standby Mode 

Standby Mode substantially reduces Vcc current. 
When CE = Vm, the outputs are in a high imped- 
ance state, independent of OE/Vpp. 

Two Line Output Control 

EPROMS are often used in larger memory arrays. 
Intel provides two cpntrol inputs to accommodate 
multiple memory connections. Two-line control pro-: 
vjdqs for: 

a) lowest possible memory power dissipation 

b) pomplete assurance that data bus contention will 
not occur 

To efficiently use these two control inputs,_an ad- 
dress decoder should enable CE, while OE/Vpp 
should b e conne cted to all memory devices and the 
system’s READ control line. This assures that only 
selected memory devices have active outputs while 
deselected memory devices are in Standby Mode. 

Program Mode 

Caution: Exceeding 14.0V on OE/Vpp will perma- 
nently damage the device. 

Initially, and after each erasure, all EPROM bits are 
in the ‘’1” state. Data is introduced by selectively 
programming “Os” into the desired bit locations. Al- 
though only “Os” are programmed, the data word 
can contain both “Is” and “Os”. Ultraviolet light era- 
sure js the only way to change “Os” to “Is”. 

Program Mode is entered when SE/Vpp is raised to 
12.75V. Data is introduced by applying an 8 bit word 
to the output pins. Pulsing CE low programs that 
data into the device. 

Program Verify 

A verify should be performed following a program 
pperation to determine that bits have been correctly 
progfammed. With Vcc at 6.25V, a substantial pro- 


gram margin is ensured. The verify is performed with 
OE/Vpp at V|i_. Valid data is available tov after CE 
falls low. 

Program Inhibit 

Program Inhibit Mode allows parallel programming 
of multiple EPROMs with different data. CE-high in- 
hibit^rogramming of non-targeted devices. Except 
for CE and OE/Vpp, parallel EPROMS may have 
common inputs. 

int^ligent Identifier Mode 

The int e ligent Identifier Mode will determine an 
EPROM’s manufacturer and device type, allowing 
programming equipment to automatically match a 
device with its proper programming algorithm. 

This mode is activated when a programmer forces 
12V ± 0.5V on A 9 . With CE, OE/V PP , A^As and 
A io-Ai 5 at V|i_, A 0 = V||_ will present the manufac- 
turer code and Ao = Vjh the device code. This 
mode functions in the 25°C ±5°C ambient tempera- 
ture range required during programming. 

SYSTEM CONSIDERATIONS 

EPROM power switching characteristics require 
careful device decoupling. System designers are in- 
terested in 3 supply current issues: standby current 
levels (Isb). active current levels (Ice), and transient 
current peaks produced by the falling and rising edg- 
es of CE. Transient current magnitudes depend on 
the device output’s capacitive and inductive loading. 
Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 /utF ceramic capacitor 
connected between its Vcc and GND. Thjs high fre- 
quency, low inherent-inductance capacitor should 
be placed as close as possible to the device. Addi- 
tionally for every 8 devices, a 4.7 julF electrolytic ca- 
pacitor should be placed at the array’s power supply 
connection between Vcc and GND. The bulk capac- 
itor will overcome voltage slumps caused by PC 
board trace inductances. 

ERASURE CHARACTERISTICS 

Erasure begins when EPROMs are exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain fluorescent lamps have wavelengths in the 
3000-4000A range. Data shows that constant expo- 
sure to room level fluorescent lighting can erase an 
EPROM in approximately 3 years, while it takes ap- 
proximately 1 week when exposed to direct sunlight. 
If the device is exposed to these lighting conditions 
for extended periods, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 


5-68 



27C512 




Figure 3. Quick-Pulse Programming Algorithm 


The recommended erasure procedure is exposure 
to ultraviolet light of wavelength 2537A. The inte- 
grated dose (UV intensity x exposure time) for era- 
sure should be a minimum of 15 Wsec/cm 2 Erasure 
time is approximately 1 5 to 20 minutes using an ul- 
traviolet lamp with a 12000 fxW/cm 2 power rating. 
The EPROM should be placed within 1 inch of the 
lamp tubes. An EPROM can be permanently dam- 
aged if the integrated dose exceeds 7258 Wsec/ 
cm 2 (1 week @ 12000 jitW/cm 2 ). 


programming throughput, this algorithm can program 
the 27C512 as fast as 8 seconds. Actual program- 
ming time depends on the programmer overhead. 

The Quick-Pulse Programming algorithm employs a 
1 00 jis pulse followed by a byte verification to deter- 
mine when the addressed byte has been successful- 
ly programmed. The algorithm terminates if 25 at- 
tempts fail to program a byte. 

The entire program pulse/byte verify sequence is 
performed with Vqc = 6.25V. OE/Vpp toggles be- 
tween 12.75V and V||_ for program and verify opera- 
tions. When programming is complete, all bytes are 
compared to the original data with Vcq = 5.0V. 


Quick-Pulse Programming Algorithm 

The Quick-Pulse Programming algorithm programs 
Intel’s 27C512. Developed to substantially reduce 
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DC PROGRAMMING CHARACTERISTICS T A = 25 ±5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

lu 

Input Load Current 




1 

fJL A 

V|N = V|LOrV| H 

Icp 

Vcc Program Current 

1 



40 

mA 

CE = V||_, OE/Vpp = Vpp 

Ipp 

Vpp Program Current 

1 



50 

mA 

CE = V|i_, OE/Vpp = Vpp 

VlL 

Input Low Voltage 


-0.1 


0.8 

V 


V| H 

Input High Voltage 


2.4 


6.5 

V 


VOL 

Output Low Voltage (Verify) 




0.45 

V 

Iql = 2.1 mA 

VOH 

Output High Voltage (Verify) 


3.5 



V 

Iqh = -2.5 mA 

V|D 

Ag int e ligent Identifier Voltage 


11.5 

12.0 

12.5 

V 


Vpp 

Vpp Program Voltage 

2,3 

12.5 

12.75 

13.0 

V 


Vcp 

Vcc Supply Voltage (Program) 

2 

6.0 

6.25 

6.5 

V 



AC PROGRAMMING CHARACTERISTICS^) t a = 25 ±5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

fvcs 

Vcp Setup Time 

2 

2 



JUtS 

tpRT 

OE/Vpp Pulse Rise Time 

During Programming 


50 



ns 

*AS 

Address Setup Time 


2 



JLLS 

*DS 

Data Setup Time 


2 



jutS 

tOES 

OE/Vpp Setup Time 

2,3 

2 



JUtS 

tpw 

CE Program 

Pulse Width 


95 

100 

105 

jutS 

*DH 

Data Hold Time 


2 



fJbS 

tOEH 

OE/Vpp Hold Time 


2 



juts 

Wr 

OE/Vpp Recovery Time 


2 

1 

i 


jas 

*DV 

Data Valid from CE 

5 

1 


1 

JUS 

*DFP 

Output Disable to Output High Z 

5, 6 

0 


130 

ns 

t A H 

Address Hold Time 


0 



juis 


NOTES: 

1 . Maximum current value is with outputs Oo to O 7 unloaded. 

2. Vcp must be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vpp. 

3. When programming, a 0.1 jaF capacitor is required across OE/Vpp and GND to suppress spurious voltage transients 
which can damage the device. 

4. See AC Input/Output Reference Waveforms for timing measurements. 

5. tpv and toFP are device characteristics but must be accommodated by the programmer. 

6 . Sampled, not 100% tested. 
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27513 

PAGE-ADDRESSED 512K (4 x 16K x 8) 
UV ERASABLE PROM 


■ Paged Organization 

— Reduced Physical Address 
Requirement 

— No Bank Switching Logic Needed 

■ Software Carrier Capacity 

■ Automatic Page Clear 

— Resets to Page 0 on P ower Up and 
On Demand with RST SignalO) 

■ TTL and CMOS Compatible 


■ 170 ns Access Time 

■ Two Line Control 

■ Low Power 

— 125 mA max. Active 

— 40 mA max. Standby 

■ Compatible with Industry Standard 
EPROM Pinouts 

— Direct 27128A Compatibility 

— 28-Pin Cerdip 


The Intel 27513 is a 5V-only, 524,288-bit ultraviolet Erasable and Electrically Programmable Read Only Memo- 
ry. It is organized as 4 pages of 16K 8-bit words. The 2751 3’s paged organization brings 64 K-byte storage 
capacity to existing 128K EPROM-based designs and to popular 8-bit microprocessor or microcontroller sys- 
tems that have 64 K-byte total addressing capability. The 27513 provides an ideal means of quadrupling 
current 1 6 K-byte code space. 


The 2751 3’s large storage capability of 64 K-bytes and 170 ns access time enables it to function as a high 
density software carrier. Entire operating systems, diagnostics, high-level language programs and specialized 
application software can reside in a 27513 EPROM directly on a system’s memory bus. This permits immedi- 
ate microprocessor access and execution of software and eliminates the need for time-consuming disk ac- 
cesses and downloads. 


The 27513 has an automatic page clear circuit for ease of use of the page-addressed organization. The page- 
select latch is automatically cleared to the lowest order page upon system power up. 

Two-line control and industry standard 28-pin packaging are features common to all Intel high-density 
EPROMs. This assures easy microprocessor interfacing and minimum design efforts when upgrading, adding, 
or choosing between nonvolatile memory alternatives. 

The 27513 is manufactured using Intel’s Compacted HMOS* II technology. 

NOTE: 

1 . RST feature only available on devices with 6-digit suffix. 
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2716 

2732A 

2764A 

27C64 

87C64 

27128A 

27C128 

27256 

27C256 

27512 

27C512 



27513 



27512 

27C512 

27256 

27C256 

27128A 

27C128 

2764A 

27C64 

87C64 

2732A 

2716 



Vpp 

Vpp 

Vpp 

A 15 

rstQ 

1 


29 

pvcc 

Vcc 

Vcc 

Vcc 

Vcc 





A -12 

A 12 

A 12 

Al2 

Aia C 

2 


27 

□ WE 

Ai 4 

Ai 4 

PGM 

PGM 



a 7 

Ay 

Ay 

Ay 

Ay 

Ay 


3 


2 t 

HI *u 

Ai 3 

Ai 3 

Ai 3 

N.C. 

Vcc 

Vcc 

a 6 

a 6 

Ae 

As 

As 

As 

*.c 

4 


25 

□*. 

A 8 

As 

As 

As 

As 

As 

As 

As 

As 

As 

As 

As 

*.c 

5 


24 

□*. 

Ag 

Ag 

Ag 

Ag 

Ag 

Ag 

A 4 

a 4 

a 4 

a 4 

a 4 

a 4 


e 


23 

1 An 

An 

An 

An 

An 

An 

Vpp 

a 3 

a 3 

a 3 

a 3 

a 3 

a 3 

*»c 

7 


22 

3 OE/VPP 

CE/V PP 

OE 

m 

CE 

CE/Vpp 

CE 

a 2 

a 2 

a 2 

a 2 

A 2 

a 2 


• 


21 

3 *to 

Aio 

Aio 

Aio 

Aio 

Aio 

A io 

Ai 

Ai 

Ai 

Ai 

Ai 

Ai 

*.c 

9 


20 


CE 

CE 

CE 

CE 

CE 

CE 

A 0 

Ao 

A o 

Ao 

A 0 

Ao 


10 


19 


Oy 

Oy 

Oy 

Oy 

Oy 

Oy 

O 0 

O 0 

O 0 

O 0 

O 0 

O 0 

D,/Oo C 

11 


1« 

□ o. 

0 6 

0 6 

0 6 

Os 

0 6 

06 

Oi 

Oi 

Oi 

Oi 

Oi 

Oi 

0,/0, C 

12 


17 


0 5 

Os 

Os 

Os 

Os 

Os 

°2 

0 2 

o 2 

0 2 

0 2 

o 2 

°»C 

13 


1« 


o 4 

o 4 

o 4 

o 4 

o 4 

o 4 

GND 

GND 

GND 

GND 

GND 

GND 

ONO C 

14 


15 


o 3 

o 3 

o 3 

o 3 

o 3 

o 3 


231113-6 

Figure 2. Pin Configuration 

1. Intel “Universal Site” compatible EPROM pin configurations are shown in the blocks adjacent to the 27513 pins. 


Pin Names 


A 0 -A 15 

Addresses 

CE 

Chip Enable 

OE/Vpp 

Output Enable/Vpp 

WE 

Page-Select Write Enable 

0 2 -0y 

Outputs 

Do/Oo,Di/Oi 

Input/Outputs 

RST 

Page ResetCO 


NOTE: 

1 . RST feature only available on devices with 6 -digit suffix. 
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EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 

The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional processing to enhance 
product characteristics. EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys- 
tem applications. EXPRESS EPROM products are 


available with 168 ±8 hour, 125°C dynamic burn-in 
using Intel’s standard bias configuration. This pro- 
cess exceeds or meets most industry specifications 
of burn-in. The standard EXPRESS EPROM operat- 
ing temperature range is 0°C to 70°C. Extended op- 
erating temperature range (-40°C to +85°C) EX- 
PRESS products are available. Like all Intel 
EPROMs, the EXPRESS EPROM family is inspected 
to 0.15 electrical AQL. This may allow the user to 
reduce or eliminate incoming inspection testing. 


EXPRESS EPROM PRODUCT FAMILY 


EXPRESS OPTIONS 


PRODUCT DEFINITIONS 


Type 

Operating Temperature 

Burn-in 125°C (hr) 

Q 

0°C to + 70°C 

168 ±8 

T 

— 40°C to +85°C 

None 

L 

—WCto + 85°C 

168 ±8 


READ OPERATION 


27513 VERSIONS 


Packaging Options 

Speed Versions 

Cerdip 

-200V10 

Q, L, T 


D.C. CHARACTERISTICS 

Electrical Parameters of Express EPROM Products are identical to standard EPROM parameters except for: 


Symbol 

Parameter 

TD27513 

LD27513 

Test Conditions 

Min 

Max 

•SB 

Vcc Standby Current (mA) 


50 

CE = V| H , OE/Vpp = V|[_ 


Vqc Active Current (mA) 



OE/Vpp = CE = V, L 

Vcc Active Current 
at High Temperature (mA) 


125 

OE/Vpp = CE = V|L, TAmbient = 85°C 


NOTE: 

1. The maximum current value is with outputs Oq to O 7 unloaded. 



Vss = GND CE = GND 


30 p . s 

--TUT-T 
*’J L_T 

A 1 5 

231113-10 

Binary Sequence from A 0 to 


Burn-In Bias and Timing Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 

During Read 0°Cto+70°C 

Temperature Under Bias - 1 0°C to + 80°C 

Storage Temperature - 65°C to + 1 25°C 

All Input or Output Voltages with 

Respect to Ground! -0.6V to + 6.5V 

Voltage on Pin 24 with 

Respect to Ground - 0.6V to + 1 3.5V 

OE/Vpp Supply Voltage with 

Respect to Ground - 0.6V to + 1 4.0V 

Vcc Supply Voltage with 

Respect to Ground -0.6V to + 7.0V 

t includes Don’t Connect (pin 1) 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


READ AND PAGE-SELECT WRITE OPERATIONS 


D.C. CHARACTERISTICS 0°C g T A <: + 70°C 


Symbol 

Parameter 

Limits 

Units 

Test 

Conditions 

Min 

Typ(2) 

Max 

In 

Input Load Current 



10 

jllA 

V|N = ov to Vcc 

•lo 

Output Leakage Current 



10 

\xA 

VoUT = to Vcc 

•SB^ 

Vcc Current Standby 


20 

40 

mA 

CE = V,H 

lcci (4) 

Vcc Current Active 


90 

125 

mA 

CE = OE/Vpp = V| L 

V|L 

Input Low Voltage 

-0.1 


+ 0.8 

V 


V|H 

Input High Voltage 

2.0 


Vcc+ 1 

V 


VOL 

Output Low Voltage 



0.45 

V , 

Iql = 2.1 mA 

VOH 

Output High Voltage 

2.4 



V i 

Iqh = -400 jllA 

V CLR 

Page Latch Clear 

Vcc Supply Voltage 


3.5 

4.0 

V 



READ OPERATION 


A.C. CHARACTERISTICS 0°C T A <: + 70°C 


Versionsf 5 ) 

Vcc ±5% 

27513-170V05 

27513-2 

27513-200V05 

27513 

Units 

Test 

Conditions 

V CC ± io% 

27513-170V10 

27513-20 

27513-200V10 

27513-25 

Symbol 

Parameter 

Min 

Max 

Min 

Max 

Min 

Max 

tACC 

Address to Output Delay 


170 


200 


250 , 

ns 

CE = OE/Vpp = V| L 






200 


250 

ns 

OE/Vpp = V| L 

tOE 

OE/Vpp to Output Delay 


60 


75 


100 

ns 

_i 

> 

II 

ILU 

lo 

tDF®- 

OE/Vpp High to 

Output Float 

0 

50 

0 

55 

0 

60 

ns 

_J 

> 

II 

ILU 

lo 

tQH 

Output Hold from 

Addresses CE or OE/Vpp, 
Whichever Occurred First 

0 


0 


0 

i 

ns 

CE = OE/Vpp = V| L 
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PAGE-SELEC+ WRITE AND PAGE-RESET OPERATION 

A.C. CHARACTERISTICS 


Symbol 

Parameter 

Limits 


Test 

Conditions 

Min 

Max 

tew 

CEi to End of Write 

180 


ns 

OE/Vpp = V, H 


Write Pulse Width 

100 


ns 

OE/Vpp = V| H 


Write Recovery Time 

20 


ns 


*ds 

Data Setup Time 

50 


ns 

OE/V PP = V| H 

tDH 

Data Hold Time 

20 


ns 

OE/V PP = V| H 

*CS 

CE to Write Setup Time 

0 


ns 

OE/V PP = V| H 

*WH 

WE Low from OE/V PP High 
Delay Time 

55 


ns 


tRST 

Reset Low Time 

250 


ns 


tRAV 

Reset to Address Valid 

250 


ns 



NOTES: 

1. Vcc must be applied simultaneously or before HE/Vpp and removed simultaneously or after 0E/Vpp. 

2. Typical values are for Ta - 25°C and nominal supply voltages. 

3. This parameter is only sampled and is hot 100% tested. Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

4. The maximum current value is with outputs O0-O7 unloaded. 

5. Pack aging Options: No prefix = Gerdip; P = Plastic DIP; N = PLCC. 

6. R3T function is available only on parts with 6-digit suffix. 


CAPACITANCES) T a - +25°C,f = 1 MHz 


Symbol 

Parameter 

Typ(i) 

Max 

Units 

Conditions 

C|N 

Input Capacitance 

4 

6 

pF 


CoUT 

Output Capacitance 

8 


PF 

v OUT “ 0V 

CCjE/Vpp 

OE/Vpp Capacitance 

18 



> 

0 

II 

z 

> 


A.C. TESTING INPUT/OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 




AC Testing inputs are driven at 2.4V for a Logic 1 and 0.45V for a 
Logic 0. Timing measurements are made at 2.0 V for a Logic 1 
and 0.8V for a Logic 0. 


C L = 100 pF 

Cl Includes Jig Capacitance 


£31113-2 
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A.C. WAVEFORMS FOR PAGE-RESET OPERATIONS 




X ADDRESS DON'T CARE ^ 

[ ADDRESS VALID 


fRST ► 

■* *RAV J 

> 

y 

231113-12 


NOTES: 

1. Typical values are for = + 25°C and nominal supply voltages. 

2. Thi s parameter is only sampled and is not 100% tested. 

3. OE/Vpp may be delayed up to tpE-tpE after the falling edge of CE without impact on tcE- 

4. Write may be terminated by either CE or WE, providing that the minimum tew requirement is met before bringing WE high 
or that the minimum twp requirement is met before bringing CE high. 

5. OE/Vpp must be high during write cycle. 


DEVICE OPERATION 

The modes of operation of the 27513 are listed in Table 1. A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for OE/Vpp and 12V on A9 for int e !igent Identifier mode. 


Table 1. Operating Modes 


Pins 

CE 

OE/Vpp 

WE 

RST 

a 9 

Ao 

Vcc 

Outputs 

Input/ 

Outputs 

Mode 

Read 

V|L 

V|L. 

V|H 

Vih 

X(1) 

X 

5.0V 

DouT 

d out 

Output Disable 

V|L 

V|H 

V| H 

V| H 

X 

X 

Vcc 

High Z 

High Z 

Standby 

V|H 

X 

X 

V|H 

X 

X 

Vcc 

High Z 

High Z 

Programming 

V|L 

Vpp(3) 

V|H 

V|H 

X 

X 

(Note 3) 

Din 

Din 

Verify 

V|L 

V|L 

V|H 

V| H 

X 

X 

(Note 3) 

Dout 

Dout 

Program Inhibit 

V| H 

Vpp( 3 ) 

V| H 

V|H 

X 

X 

(Note 3) 

High Z 

High Z 

Page-Select 

Write 

V|L 

V|H 

V| L 

V|H 

X 

X 

i 

v C c( 5 ) 

High Z 

Page( 2 ) 

Din 

Page-Reset 

X 

X 

X 

V|L 

X 

X 

Vcc (5 > 

High Z 

X 

int e ligent( 4 ) — Manufacturer 
Identifier — Device 

V|L 

V, L 

V|H 

Vih 

Vh< 7 > 

V||_ 

5.0V 

89H 

89H 

V,L 

V|L 

V|H 

Vih 

Vh<7) 

Vih 

5.0V 

0FH(6) 

0FH<6) 


NOTES: 

1. X can be Vih or Vn_. 

2. Addresses are don’t care for page selection. See Table 2 for Din values. 

3. See Table 2 for Vcc and Vpp voltages. 

4. A^Ae, A-io-A-13, = V| L . 

5. Page 0 is automatically selected at power-up (Vcc < 4.0V). 

6. 27513s before 2H/86 have a device identifier of ODH. 27513s after 2H/86 will have a device identifier of OFH. 

7. V H = 12.0V ±0.5%. 
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Read Mode 

The 27513 has three control functions, two of which 
must be logically activejn order to obtain data at the 
outputs. Chip Enable (CE) is the power control and 
should be used for device selection. Output Enable 
(OE/Vpp) is the output control and should be used 
to gate data from the output pins, independent of 
device selection. Assuming that addresses are sta- 
ble, the address access time (tAcc) is equal to the 
delay from CE to output (tcE)- Data is available at 
the outputs after a delay of tpe from the falling edge 
of OE/Vpp, assuming that CE has been low and ad- 
dresses have been stable for at least tACC“tOE- WE 
is held high during read operations. 


Standby Mode 

The 27513 has a standby mode which reduces the 
maximum active current from 1 25 mA to 40 mA. The 
27513 is placed in the standby mode by applying a 
TTL-high signal to the CE input. When in standby 
mode, the outputs are in a high impedance state, 
independent of the OE/Vpp and WE inputs. 


Page-Select Write Mode 

The 27513 is addressed by first selecting one of four 
16 K-byte pages. Individual bytes are then selected 
by normal random access within the 1 6 K-byte page 
using the proper combination of Aq-A -|3 address in- 
puts. By applying a TTL low signal to the WE input 
with CE low and OE high, the desired page is 
latched in according to the combination of Dq/Oq 
and D-j/Oi. Address inputs are “don’t care” during 
page selection. 

Care should be taken in organizing software pro- 
grams such that the number of page changes is min- 
imized. This allows maximum system performance. 
Also, the processor’s program counter status must 
be considered when page changes occur in the mid- 
dle of an opcode sequence. After a page-select 
write, the program counter will be incremented to the 
next location (or further in pipelined systems) in the 
new page relative to that of the page-select write 
opcode in the previous page. 


Table 2. Page Selection Data 


Input/Output 

(Pin) 

Page Selection 

Di/Ch 

(12) 

Do/Oo 

(11) 

Select Page 0 

V|L 

V|L 

Select Page 1 

V|L 

V|H 

Select Page 2 

V|H 

V| L 

Select Page 3 

V| H 

V|H 


Page Reset 

The 27513 has an automatic page latch clear circuit 
to ensure consistent page selection during system 
bootstrapping. The page latch is automatically 
cleared to page 0 upon power-up. As the Vcc supply 
voltage ramps up, the page latch is cleared. After 
Vcc exceeds the 4.0V maximum page latch clear 
voltage (Vclr). the latch clear circuit is disabled. 
This ensures an adequate safety margin (500 mV of 
system noise below the worst case - 10% Vcc sup- 
ply condition) against spurious page latch clearing. 

27513 pa rts w ith 6-digit suffixes also have a page 
reset pin: RST. This pin should be tied to an active 
low system reset signal. These 27513s will be reset 
to page 0 when this line is brought to TTL Low (V|i_). 


Two Line Control 

Because EPROMs are usually used in larger memo- 
ry arrays, Intel has provided 2 output control lines 
which accommodate this multiple memory connec- 
tion. The two control lines for read operation allow 
for: 

a) the lowest possible memory power dissipation, 
and , 

b) complete assurance that output bus contention 
will not occur. 

To use these two control lines most efficiently, CE 
should be decoded and use d as the primary device 
selecting function, while OE/Vpp should be made a 
common connect ion to all devices in the array and 
connected to the READ line from the system control 
bus. This assures that all deselected memory devic- 
es are in their low power standby mode and that the 
output pins are active only when data is desired from 
a particular memory device. 

Similarly, CE deselects other 27513s or RAMs dur- 
ing page select write operation while WE is in com- 
mon with other d evices in the array. WE is connect- 
ed to the WRITE system control line. 


SYSTEM CONSIDERATIONS 

The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, Iqc, has three segments that are of interest 
to the system designer — the standby current level, 
the active current level, and the transient current 
peaks that are produced' by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient current peaks is dependent on the output ca- 
pacitive and inductive loading of the device. The as- 
sociated transient voltage peaks can be suppressed 
by complying with Intel’s Two-Line Control and by 
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properly selected decoupling capacitors. It is recom- 
mended that a 0.1 jaF ceramic capacitor be used on 
every device between Vcc and GND. This should be 
a high frequency capacitor of low inherent induc- 
tance and should be placed as close to the device 
as possible. In addition, a 4.7 jitF bulk electrolytic 
capacitor should be used between Vcc and GND for 
every eight devices. The bulk capacitor should be 
located near where the power supply is connected 
to the array. The purpose of the bulk capacitor is to 
overcome the voltage droop caused by the inductive 
effects of PC board traces. This inductive effect 
should be further minimized through special layout 
considerations such as larger traces and gridding 
(refer to High Speed Memory System Design Using 
the 2147H, AP-74). In particular, the Vss (Ground) 
plane should be as stable as possible. 

PROGRAMMING 

Caution: Exceeding 14.0V on OE/Vpp will perma- 
nently damage the 27513. 

Initially, and after each erasure, all bits of the 
EPROM are in the “1” state. Data is introduced by 
selectively programming “Os” into the desired bit lo- 
cations. Although only “Os” will be programmed, 
both “Is” and “Os” can be present in the data word. 
The only way to change a “0” to a “1 ” is by ultravio- 
let light erasure. 

The EPROM is in the programming mode when the 
OE/Vpp input is raised to its programming voltage 
(see Table 2) and CE is at TTL-low. The data to be 
programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. 


Program Inhibit 

Programming of multiple 27513s in parallel with dif- 
ferent data is easily accomplished by using the Pro- 
gram Inhibit mode. A high-level CE input inhibits the 
other 27513s from being programmed. 


Except for CE, all inputs of the parallel 27513s may 
be common^A TTL low-level pulse applied to the CE 
input with OE/Vpp at its programming voltage will 
program the selected 27513. 


Verify 

A verify (read) should be performed on the pro- 
grammed bits to determine that they have been cor- 
rectly programmed. The verify is performed with OE/ 
Vpp and CE at Vn_ and Vqc is at its programming 
voltage. Data should be verified tpv after the falling 
edge of CE. 


int e ligent Identifier™ Mode 

The int e ligent Identifier Mode allows the reading out 
of a binary code from an EPROM that will identify its 
manufcturer and type. This mode is intended for use 
by programming equipment for the purpose of auto- 
matically matching the device to be programmed 
with its corresponding programming algorithm. This 
mode is functional in the 25°C ±5°C ambient tem- 
perature range that is required when programming 
the device. 

To activate this mode, the programming equipment 
must force 1 1 .5 V to 1 2.5V on address line A9 of the 
EPROM. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AO from V||_ to V|h- All other address lines 
must be held at Vil during the int e ligent Identifier 
Mode. 

Byte 0 (AO = V|(_) represents the manufacturer code 
and byte 1 (AO = Vm) the device identifier code. 
These two identifier bytes are given in Table 1. 
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Figure 5. 27513 int e ligent Programming™* Flowchart 
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ERASURE CHARACTERISTICS 

The erasure characteristics are such that erasure 
begins to occur upon exposure to light with wave- 
lengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000 A range. Data show that constant expo- 
sure to room level fluorescent lighting could erase 
the EPROM in approximately 3 years, while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the device is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a 
minimum of 15 Wsec/cm 2 . The erasure time with 
this dosage is approximately 1 5 to 20 minutes using 
an ultraviolet lamp with a 1 2000 jutW/cm 2 power rat- 
ing. The EPROM should be placed within 1 inch of 


the lamp tubes during erasure. The maximum inte- 
grated dose an EPROM can be exposed to without 
damage is 7258 Wsec/cm 2 (1 week @ 12000 
juW/cm 2 ). Exposure of the device to high intensity 
UV light for long periods may cause permanent dam- 
age. 


int e ligent ProgrammingTM 
ALGORITHM 

The int e ligent Programming Algorithm programs 
Intel EPROMs using an efficient and reliable method 
particularly suited to the production programming 
environment. Typical programming times for individ- 
ual devices are on the order of six minutes. Actual 
Programming times may vary due to differences in 
programming equipment. Programming reliability is 
also ensured as the incremental program margin of 
each byte is continually monitored to determine 
when it has been successfully programmed. A flow- 
chart of the 27513 int e ligent Programming Algorithm 
is shown in Figure 3. The only difference between 
the 27513 and other EPROM int e ligent Program- 
ming is that the 27513 is programmed one 16 K-byte 
page at a time. 


TABLE 2. D.C. PROGRAMMING CHARACTERISTICS 

T a = 25°C ±5°C 


Symbol 

Parameter 

Limits 

Test Conditions 
(Note 1) 

Min 

Max 

Units 

lu 

Input Current (All Inputs) 


10 

jmA 

V| N = V| L orV| H 

V|L 

Input Low Level (All Inputs) 

-0.1 

0.8 

V 


V|H 

Input High Level 

2.0 

Vcc+ 1 

V 


V 0 L 

Output Low Voltage During Verify 


0.45 

V 


VoH 

Output High Voltage During Verify 

2.4 


V 

IB9fl5B3EES9l 

•CC2^ 

Vqc Supply Current 
(Program and Verify) 


125 



\pp2&) 

Vpp Supply Current (Program) 


40 



V|D 

Ag int e ligent Identifier Voltage 

11.5 

12.5 

V 


Vpp 

int e ligent Programming Algorithm 


13.0 

V 



intgligent Programming Algorithm 


6.25 

V 



NOTES: 

1. V<x must be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vppl 

2. The maximum current value is with outputs O0-O7 unloaded. 
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The int e ligent Programming Algorithm utilizes two 
different pulse types: initial and overprogram. The 
duration of the initial pulse(s) is one millisecond, 
which will then be followed by a longer overprogram 
pulse of length 3X msec. X is an iteration counter 
and is equal to the number of the initial one millisec- 
ond pulses applied to a particular location, before a 


correct verify occurs. Up to 25 one-millisecond puls- 
es per byte are provided for before the overprogram 
pulse is applied. The entire sequence of program 
pulses and byte verifications is performed at 
Vcc = 6.0V. When the int e ligent Programming cy- 
cle has been completed, all bytes should be com- 
pared to the original data with Vcc = 5.0V. 


A.C. PROGRAMMING CHARACTERISTICS 

T a = 25°C ±5°C 


Symbol 

Parameter 

Limits 

Conditions* 

(Note 1) 

Min 

Typ 

Max 

Units 

*AS 

Address Setup Time 

2 



JLLS 


l OES 

OE/Vpp Setup Time 

2 



JLLS 


*DS 

Data Setup Time 

2 



fJLS 


tAH 

Address Hold Time 

0 



JUS 


tDH 

Data Hold Time 

2 



JLLS 


*DFP 

Output Enable to Output Float Delay 

0 


130 

ns 

(Note 3) 

tvcs 

Vcc Setup Time 

2 



JLlS 

(Note 1 ) 

tpw 

CE Initial Program Pulse Width 

0.95 

1.0 

1.05 

ms 

int e ligent Programming 

topw 

CE Overprogram Pulse Width 

2.85 


78.75 

ms 

(Note 2) 

tOEH 

OE/Vpp Hold Time 

2 



JLLS 


*DV 

Data Valid from CE 



1 

jus 


*VR 

OE/Vpp Recovery Time 

2 



JLLS 


tpRT 

OE/Vpp Pulse Rise Time 

During Programming 

50 



ns 



*A.C. CONDITIONS OF TEST 

Input Rise and Fall Times (10% to 90%) 20 ns 


Input Pulse Levels 0.45V to 2.4V 

Input Timing Reference Level 0.8V and 2.0V 

Output Timing Reference Level 0.8V and 2.0 V 


NOTES: 

1. Vcc must be applied simultaneously or before OE/Vpp 
and removed simultaneously or after OE/Vpp. 

2. The length of the overprogram pulse (int e ligent Program- 
ming Algorithm only) may vary from 2.85 ms to 78.75 ms 
as a function of the iteration counter value X. 

3. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no long- 
er driven — see timing diagram. 
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27C513 

PAGE-ADDRESSED 512K (4 x 16K x 8) 
UV ERASABLE PROM 



■ Paged Organization 

— Reduced Physical Address 
Requirement 

— No Bank Switching Logic Needed 

■ Software Carrier Capacity 

■ Automatic Page Clear 

— Resets to Page 0 on P ower Up and 
On Demand with RST Signal 

■ TTL and CMOS Compatible 


■ 170 ns Access Time 

■ Two Line Control 

■ Low Power 

— 30 m A max. Active 
— 100 jn A max. Standby 

■ Compatible with Industry Standard 
EPROM Pinouts 

— Direct 27128A Compatibility 

— 28-Pin Cerdip 


The Intel 27C513 is a 5V-only, 524,288-bit ultraviolet Erasable and Electrically Programmable Read Only 
Memory. It is organized as 4 pages of 16K 8-bit words. The 27C513’s paged organization brings 64 Kbyte 
storage capacity to existing 128K EPROM-based designs and to popular 8-bit microprocessor or microcontrol- 
ler systems that have 64 Kbyte total addressing capability. The 27C513 provides an ideal means of quadru- 
pling current 1 6 Kbyte code space. 


The 27C513’s large storage capability of 64 Kbytes and 170 ns access time enables it to function as a high 
density software carrier. Entire operating systems, diagnostics, high-level language programs and specialized 
application software can reside in a 27C513 EPROM directly on a system’s memory bus. This permits immedi- 
ate microprocessor access and execution of software and eliminates the need for time-consuming disk ac- 
cesses and downloads. 


The 27C513 has an automatic page clear circuit for ease of use of the page-addressed organization. The 
page-select latch is automatically cleared to the lowest order page upon system power up. 

Two-line control and industry standard 28-pin packaging are features common to all Intel high-density 
EPROMs. This assures easy microprocessor interfacing and minimum design efforts when upgrading, adding, 
or choosing between nonvolatile memory alternatives. 

The 27C513 is manufactured using Intel’s 1 micron CHMOS* lll-E technology. 


CHMOS is a patented process of Intel Corporation. 
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Figure 2. Pin Configuration 

NOTES: 

1. Intel “Universal Site” compatible EPROM pin configurations are shown in the blocks adjacent to the 27C513 pins. 


Pin Names 


A 0 -A 15 

Addresses 

CE 

Chip Enable 

OE/Vpp 

Output Enable/Vpp 

WE 

Page-Select Write Enable 

0 2 -0 7 

Outputs 

Do/Oo, Di/Oi 

Input/Outputs 

RST 

Page Reset 
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EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 

The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional processing to enhance 
product characteristics. EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys- 
tem applications. EXPRESS EPROM products are 


available with 168 ±8 hour, 125°C dynamic burn-in 
using Intel’s standard bias configuration. This pro- 
cess exceeds or meets most industry specifications 
of burn-in. The standard EXPRESS EPROM operat- 
ing temperature range is 0°C to 70°C. Extended op- 
erating temperature range (-40°C to +85°C) EX- 
PRESS products are available. Like all Intel 
EPROMs, the EXPRESS EPROM family is inspected 
to 0.15 electrical AQL. This may allow the user to 
reduce or eliminate incoming inspection testing. 


EXPRESS EPROM PRODUCT FAMILY EXPRESS OPTIONS 

PRODUCT DEFINITIONS 27C513 VERSIONS 


Type 

Operating Temperature 

Burn-in 125°C (hr) 

Q 

0°Cto +70°C 

168 ±8 

T 

— 40°C to +85°C 

None 

L 

— 40°C to +85°C 

168 ±8 


Packaging Options 

Speed Versions 

Cerdip 

-200V10 

Q, T, L 


READ OPERATION 
DC CHARACTERISTICS 

Electrical Parameters of Express EPROM Products are identical to standard EPROM parameters except for: 


Symbol 

Parameter 

TD27C513 

LD27C513 

Test Conditions 

Min 

Max 

■SB 

Vqc Standby Current (mA) 


1.0 

CE = V| H , OE/Vpp = V (L 

•cc-| (1) 

Vqc Active Current (mA) 


50 

OE/Vpp = CE = V||_ 

Vcc Active Current 
at High Temperature (mA) 


50 

OE/Vpp = CE = V||_, T A mbient = 85°C 


NOTE: 

1. The maximum current value is with outputs Oq to O 7 unloaded. 



OE/Vpp = +5V R = 1 KH Vcc=+5V 
V SS = GND CE = GND 


30 ps 

‘■j — L_r 

^15 

290231-4 

Binary Sequence from Aq to A15 


Burn-In Bias and Timing Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 

During Read 0°C to + 70°C( 2 ) 

Temperature Under Bias - 1 0°C to + 80°C( 2 ) 

Storage Temperature -65°C to + 125°C 

Voltage on Any Pin with 

Respect to Ground -2V to + 7V0) 

Voltage on Ag with 

Respect to Ground -2V to + 13.5V0) 

Vpp Supply Voltage with Respect to Ground 

during Programming -2V to + 14.0VU) 

Vqc Supply Voltage with 

Respect to Ground - 2V to + 7.0V( 1 ) 


NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. 

* WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings" may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions” is not recommended and ex- 
tended exposure beyond the "Operating Conditions" 
may affect device reliability. 


READ OPERATION 


DC CHARACTERISTICS TTLand NMOS Inputs 


Symbol 

Parameter 

Notes 

Min 

TypO) 

Max 

Units 

Test Condition 

Ili 

Input Load Current 



0.01 

1.0 

julA 

V, N = 0V to 5.5V 

•lo 

Output Leakage Current 




±10 

jdiA 

V 0 UT = 0V to 5.5V 

>SB 

Vcc Current Standby 




1.0 

mA 

CE = Vih 


Vcc Current Active 

5 


■ 

30 

mA 

CE = V| L 

f = 5 MHz, Iout = 0 mA 

HU 

Vpp Current Read 

8 



10 

jwA 

Vpp = Vcc 

VlL 

Input Low Voltage (±10% Supply) 

1 

-0.5 


0.8 

V 


V|H 

Input High Voltage (± 10% Supply) 


2.0 


Vcc + 0.5 

V 


PH 

Output Low Voltage 




0.45 

V 

Iol = 2.1 mA 


Output High Voltage 


2.4 



V 

Iqh = 400 jutA 

los 

Output Short Circuit Current 

6 



100 



Vpp 

Vpp Read Voltage 

7 

c? 

0 

1 

0 

'•Nl 


Vcc 

V 


VCLR 

Page Latch Clear 

Vcc Supply Voltage 


3.5 


4.0 

V 



NOTES: 

1. Minimum DC input voltage is -0.5 V. During transitions, the inputs may undershoot to -2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vqc + 0.5V which may overshoot to Vqc + 2 V for periods less than 20 ns. 

2. Operating temperature is for commercial product defined by this specification. Extended temperature options are available 
in EXPRESS and Automotive versions. 

3. Typical limits are at Vcc = 5V, Ta = +25°C. 

4. CE is Vcc ±0.2V. All other inputs can have any value within spec. 

5. Maximum current value is with outputs Oq to O7 unloaded. 

6. Output shorted for no more than one second. No more than one output shorted at a time, los is sampled but not 100% 

tested. 

7. Vcc must be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vpp. 

8. Maximum active power usage is the sum of Ipp and Ice- The maximum current value is with no loading on outputs Oo to 
O7. 
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DC CHARACTERISTICS CMOS Inputs 


Symbol 

Parameter 

Notes 

Min 

Typ<3) 

Max 

Units 

test Condition 

Ili 

Input Load Current 



0.01 

1.0 

fJL A 

V| N = 0V to 5.5V 

>lo 

Output Leakage Current 




±10 

fxA 

V 0 UT = 0V to 5.5V 

•SB 

Vcc Current Standby 
with Inputs — 

Switching 

4 



6 

mA 

X 

> 

II 

|LU 

IQ 

Stable 



100 

juA 

Ol 

ml 

II 

< 

X 

•cci 

Vcc Current Active 

5 



30 

mA 

CE = V, L 

f = 5 MHz, Iout = 0 mA 

V|L 

Input Low Voltage ( ±10% Supply) 


-0.2 


0.8 

V 


V|H 

Input High Voltage (± 10% Supply) 


0.7 V CC 



D 


VOL 

Output Low Voltage 




0.4 

V 

Iql ~ 2.1 mA 

VOH 

Output High Voltage 


00 

d 

1 

8 

> 



V 

•oh ~ “2.5 mA 

•os 

Output Short Circuit Current 

6 



100 

mA 



NOTES: 

1. Minimum DC input voltage is -0.5V. During transitions, the inputs may undershoot to -2.0V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vcc + 0.5V which may overshoot to Vcc + 2V for periods less than 20 ns. 

2. Operating temperature is for commercial product defined by this specification. Extended temperature options are available 
in EXPRESS and Automotive versions. 

3. Typical limits are at Vcc = 5V, Ta = + 25°C. 

4. CE is Vcc ±0.2V. All other inputs can have any value within spec. 

5. Maximum current value is with outputs Oo to O7 unloaded. 

6. Output shorted for no more than one second. No more than one output shorted at a time, los is sampled but not 100% 

tested. 

7. Vcc must be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vpp. 

8. Maximum active power usage is the sum of Ipp and Ice- The maximum current value is with no loading on outputs Oo to 
O7. 


PAGE-SELECT WRITE AND PAGE-RESET OPERATION 


AC CHARACTERISTICS 


Symbol 

Parameter 

Limits 

Units 

Test 

Conditions 

Min 

Max 

tew 

CE to End of Write 

100 


ns 

OE/V PP = V| H 

twp 

Write Pulse Width 

50 


ns 

OE/V PP = V, H 

tWR 

Write Recovery Time 

20 


ns 


tDS 

Data Setup Time 

50 


ns 

OE/V PP = V|n 

tDH 

Data Hold Time 

20 


ns 

OE/V PP = V| H 

tes 

CE to Write Setup Time 

0 


ns 

OE/V PP = V| H 

t WH 

WE Low from OE/V PP High 
Delay Time 

55 


ns 


tRST 

Reset Low Time 

100 


ns 


tRAV 

Reset to Address Valid 

150 


ns 



NOTES: 

1 . Vcc must be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vpp. 

2. Typical values are for Ta = ,25°C and nominal supply voltages. 

3. This parameter is only sampled and is not 1 00% tested. Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

4. The maximum current value is with outputs O0-O7 unloaded. 

5. Pack aging Options: No prefix = Cerdip. 

6. RST function is available only on parts with 6-digit suffix. 
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CAPACITANCES) T a = +25°C,f = 1 MHz 


Symbol 

Parameter 

CBB1 


Units 

Conditions 

C|N 

Input Capacitance 

4 

8 

PF 

< 

z 

II 

0 

< 

Gout 

Output Capacitance 

8 



VquT = ov 

C OE/V PP 

OE/Vpp Capacitance 

18 

25 

pF 

< 

z 

II 

0 

< 


AC TESTING INPUT/OUTPUT WAVEFORM 



AC TESTING LOAD CIRCUIT 


1.3V 



Cl Includes Jig Capacitance 


AC CHARACTERISTICS 0°C ^ T A ^ +70°C 


Versions! 4 ) 

v cc ±10% 

27C513-170V10 

27C513-200V10 




Symbol 

Parameter 

Min 



Max 


Max 



tACC 

Address to Output Delay 


170 

HI 



250 

ns 

CE = OE/ 

Vpp = V, L 

tCE 

CE to Output Delay 


170 


200 


250 

ns 

oe/Vpp = y, L 

tOE 

OE/Vpp to Output Delay 


65 


65 


100 

ns 

> 

11 

ILU 

IQ 

t DF <3> 

OE/Vpp High to Output Float 

0 

55 

0 

55 

0 

60 

ns 

> 

•II 

|Lii 

lo 

tQH 

Output Hold from Addresses 
CE or OE/Vpp, Whichever 
Occurred First 

0 


0 


0 

. 

ns 

CE = OE/ 

Vpp = V|i_ 


NOTES: 

1. Typical values are for T A = 25°C and nominal supply voltages. 

2. This parameter is only sampled and is not 100% tested. Output Float is defined as the point where data is no longer 
driven — see timing diagram. 

3. The maximum current value is with outputs O0-O7 unloaded. 

4. Packaging: No prefix = Cerdip. 


AC CONDITIONS OF TEST 


Input Rise and Fall Times (10% to 90%) 10 ns 

Input Pulse Levels Vol to Voh 

Input Timing Reference Level 1 .5V 

Output Timing Reference Level ....... .V|l and V|h 
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AC WAVEFORMS FOR PAGE-SELECT WRITE OPERATION 


i 



ADDRESS 

VALID 


«* *cw [41 — ► 




^ « 

11 

WWYl 

« tes 

twpM! ► 

S / 

+ — TWR(2) — ► 



\ 

L » WH a a » 

/ 

/ 


tDH 

— 



D 0 /O 0 , Di/Oi INPUT/OUTPUTS A 

' 1 

DATA IN STABLE 

L A 

< 

■" ' 1 ■ > 

n~.n, miTDiiTc HIGH Z 



290231-8 


AC WAVEFORMS FOR PAGE-RESET OPERATIONS 



X ADDRESS DON’T CARE ' X ADDRESS VALID 


♦ 


- l RST - 

- l RAV H 

\ 

Y 

290231-9 



NOTES: 

1 . Typical values are for Ta = + 25°C and nominal supply voltages. 

2. This parameter is only sampled and is not 100% tested. 

3. OE/Vpp may be delayed up to tp E-tp E after the falling edge of CE without impact on tcE- 

4. Write may be terminated by either CE or WE, providing that the minimum tew requirement is met before bringing WE high 
or that the minimum twp requirement is met before bringing CE high. 

5. 5E/Vpp must be high during write cycle. 
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DEVICE OPERATION 

The modes of operation of the 27C513 are listed in Table 1. A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for OE/Vpp and 12V on Ag for int e ligent Identifier mode. 


Table 1. Operating Modes 


Pins 

CE 

OE/Vpp 

WE 

RST 

a 9 

Ao 

Vcc 

Outputs 

Input/ 

Outputs 

Mode 

Read 

V|L 

VlL 

V|H 

V|H 

X(1) 

X 

5.0V 

Dout 

Dout 

Output Disable 

V|L 

V| H 

V|H 


X 

D 

Vcc 

High Z 

High Z 

Standby 

V|H 

X 

X 




KtSHI 


High Z 

Programming 

V|L 

Vpp( 3 ) 

V|H 

V|H 


1 




Verify 

V|L 

VlL 

V|H 

| 


D 



Dout 

Program Inhibit 

V| H 

Vpp(3) 

V|H 

Pil 

mm 




High Z 

Page-Select 

Write 

V|L 

V|H 

V|L 

V|H 

X 

X 

V C c( 5 ) 


Page( 2 ) 

Din 

Page-Reset 

X 

X 

X 

V|L 

X 

X 

V C c( 5 ) 


X 

int e ligent( 4 ) — Manufacturer 
Identifier — Device 

V|L 

V|L 

V|H 

V|H 

V H < 6 ) 

VlL 

5.0V 


89H 

VlL 

VlL 

V| H 

V|H 


VlH 

5.0V 

F9H 

F9H 


NOTES: 

1 . X can be Vih or Vn_. 

2. Addresses are don’t care for page selection. See Table 2 for Din values. 

3. See Table 2 for Vcc and Vpp voltages. 

4. A-j — Aq, A-io-A-13, = V|l- 

5. Page 0 is automatically selected at power-up (Vcc < 4.0V). 

6. V H = 12.0V ±0.5%. 


5-93 







27C513 


AOWMi DNF©Rl^irD©N) 


NiteT 


Read Mode 

The 27C513 has three control functions, two of 
which must be logically active in order to obtain data 
at the outputs. Chip Enable (CE) is the power control 
and should be used for device selection. Output En- 
able (OE/Vpp) is the output control and should be 
used to gate data from the output pins, independent 
of device selection. Assuming that addresses are 
stable, the address access time (tAcc) is equal to 
the delay from CE to output (tcE)- Data is available 
at the outputs after a delay of tpE from the falling 
edge of OE/Vpp, assuming that CE has been low 
and addresses have been stable for at least 
tACC-tOE- WEE is held high during read operations. 


Standby Mode 

EPROMs can be placed in standby mode which re- 
duces the maximum current of the device by apply- 
ing a TTL-high signal to the CE input. When in stand- 
by mode, the outputs are in a high impedance state, 
independent of the OE/Vpp and WE inputs. 


Page-Select Write Mode 

The 27C513 is addressed by first selecting one of 
four 16 Kbyte pages. Individual bytes are then 
selected by normal random access within the 
16 Kbyte page using the proper combination of 
A 0 -A 13 address inputs. By applying a TTL low sig- 
nal to the WE input with CE low and OE high, the 
desired page is latched in according to the combina- 
tion of Dq/Oq and D-j/0-|. Address inputs are “don’t 
care” during page selection. 

Care should be taken in organizing software pro- 
grams such that the number of page changes is min- 
imized. This allows maximum system performance. 
Also, the processor’s program counter status must 
be considered when page changes occur in the mid- 
dle of an opcode sequence. After a page-select 
write, the program counter will be incremented to the 
next location (or further in pipelined systems) in the 
new page relative to that of the page-select write 
opcode in the previous page. 


Table 2. Page Selection Data 


Input/Output 

(Pin) 

Page Selection 

Di/ 0'1 

( 12 ) 

Do/Oo 

( 11 ) 

Select Page 0 

V|L 

VlL 

Select Page 1 

V|L 

VlH 

Select Page 2 

V|H 

V| L 

Select Page 3 

V|H 

V|H 


Page Reset 

The 27C513 has an automatic page latch clear cir- 
cuit to ensure consistent page selection during sys- 
tem bootstrapping. The page latch is automatically 
cleared to page 0 upon power-up. As the Vqq supply 
voltage ramps up, the page latch is cleared. After 
Vcc exceeds the 4.0V maximum page latch clear 
voltage (Vqlr), the latch clear circuit is disabled. 
This ensures an adequate safety margin (500 mV of 
system noise below the worst case - 10 % Vcc sup- 
ply condition) against spurious page latch clearing. 

The 27C513 also has a page reset pin: RST. This pin 
should be tied to an active low system reset signal. 
These 27C513S will be reset to page 0 when this line 
is brought to TTL Low (V|i_). 


Two Line Control 

Because EPROMs are usually used in larger memo- 
ry arrays, Intel has provided 2 output control lines 
which accommodate this multiple memory connec- 
tion. The two control lines for read operation allow 
for: 

a) the lowest possible memory power dissipation, 
and 

b) complete assurance that output bus contention 
will not occur. 

To use these two control lines most efficiently, CE 
should be decoded and used as the primary device 
selecting function, while OE/Vpp should be made a 
common connect ion to all devices in the array and 
connected to the READ line from the system control 
bus. This assures that all deselected memory devic- 
es are in their low power standby mode and that the 
output pins are active only when data is desired from 
a particular memory device. 

Similarly, CE deselects other 27C513s or RAMs dur- 
ing page select write operation while WE is in com- 
mon with other d evices in the array. WE is connect- 
ed to the WRITE system control line. 


SYSTEM CONSIDERATIONS 

The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, Iqc, has three segments that are of interest 
to the system designer — the standby current level, 
the active current level, and the transient current 
peaks that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient current peaks is dependent on the output ca- 
pacitive and inductive loading of the device. The as- 
sociated transient voltage peaks can be suppressed 
by complying with Intel’s Two-Line Control and by 
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properly selected decoupling capacitors. It is recom- 
mended that a 0.1 ju,F ceramic capacitor be used on 
every device between Vcc and GND. This should be 
a high frequency capacitor of low inherent induc- 
tance and should be placed as close to the device 
as possible. In addition, a 4.7 jllF bulk electrolytic 
capacitor should be used between Vcc and GND for 
every eight devices. The bulk capacitor should be 
located near where the power supply is connected 
to the array. The purpose of the bulk capacitor is to 
overcome the voltage droop caused by the inductive 
effects of PC board traces. This inductive effect 
should be further minimized through special layout 
considerations such as larger traces and gridding 
(refer to High Speed Memory System Design Using 
the 2147H, AP-74). In particular, the Vgs (Ground) 
plane should be as stable as possible. 


PROGRAMMING 

Caution: Exceeding 14.0 V on ~OE/Vpp will perma- 
nently damage the 27C5 13. 

Initially, and after each erasure, all bits of the 
EPROM are in the “1” state. Data is introduced by 
selectively programming “Os” into the desired bit lo- 
cations. Although only “Os” will be programmed, 
both “Is” and “Os” can be present in the data word. 
The only way to change a “0” to a “1 ” is by ultravio- 
let light erasure. 

The EPROM is in the programming mode when the 
OE/Vpp input is raised to its programming voltage 
(see Table 2) and CE is at TTL-low. The data to be 
programmed is applied 8 bits in parallel to the data 
output pins. The levels required for the address and 
data inputs are TTL. 


Program Inhibit 

Programming of multiple 27C513s in parallel with dif- 
ferent data is easily accomplished by using the Pro- 
gram Inhibit mode. A high-level CE input inhibits the 
other 27C513s from being programmed. 

Except for CE, all inputs of the parallel 27C51 3s may 
be common^ TTL low-level pulse applied to the CE 
input with OE/Vpp at its programming voltage will 
program the selected 27C513. 


int e ligent Identifier™ Mode 

The int e ligent Identified Mode allows the reading 
out of a binary code from an EPROM that will identi- 
fy its manufcturer and type. This mode is intended 
for use by programming equipment for the purpose 
of automatically matching the device to be pro- 
grammed with its corresponding programming algo- 
rithm. This mode is functional in the 25°C ±5°C 
ambient temperature range that is required when 
programming the device. 

To activate this mode, the programming equipment 
must force 11.5V to 12.5V on address line Ag of the 
EPROM. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line Aq from Vil to V|h- All other address lines 
must be held at V||_ during the int e ligent Identifier 
Mode. 

Byte 0 (Aq = V|[_) represents the manufacturer code 
and byte 1 (Aq = Vih) the device identifier code. 
These two identifier bytes are given in Table 1. 


Quick Pulse Programming™ Algorithm 

Intel’s 27C513 EPROM can be programmed using 
the Quick-Pulse Programming^ algorithm, devel- 
oped by Intel to substantially reduce the throughput 
time in the production programming environment, 
this algorithm allows these devices to be pro- 
grammed as fast as fourteen seconds, almost a hun- 
dred fold improvement over previous algorithms. Ac- 
tual programming time is a function of the PROM 
programmer being used. 

The Quick-Pulse Programming algorithm uses initial 
pulses of 100 jus followed by a byte verification to 
determine when the address byte has been suc- 
cessfully programmed. Up to 25 100 juts pulses per 
byte are provided before a failure is recognized. A 
flowchart of the Quick-Pulse Programming Algorithm 
is shown in Figure 3. 

For the Quick-Pulse Programming algorithm, the en- 
tire sequence of programming pulses and byte verifi- 
cations is performed at Vcc = 6.25V and Vpp at 
12.75V. When programming of the EPROM has 
been completed, all bytes should be compared to 
the original data with Vcc = Vpp = 5.0V. 


Verify 

A verify (read) should be performed on the pro- 
grammed bits to determine that they have been cor- 
rectly programmed. The verify is performed with OE / 
Vpp and CE at V||_ and Vcc is at its programming 
voltage. Data should be verified tov after the falling 
edge of CE. 
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Figure 3. 27C513 Quick-Pulse Programming Flowchart 
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ERASURE CHARACTERISTICS 
(FOR CERDIP EPROMs) 

The erasure characteristics are such that erasure 
begins to occur upon exposure to light with wave- 
lengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000 A range. Data show that constant expo- 
sure to room level fluorescent lighting could erase 
the EPROM in approximately 3 years, while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the device is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 


TABLE 2. DC PROGRAMMING CHARACTERISTICS 

T A = 25°C ±5°C 


Symbol 

Parameter 

Limits 

Test Conditions 
(Note 1) 

Min 

Max 

Units 

•u 

Input Current (All Inputs) 


1 

jjlA 

V| N = V|i_orV|H 

V|L 

Input Low Level (All Inputs) 

-0.1 

0.8 

V 


V|H 

Input High Level 

2.4 

6.5 

V 


VOL 

Output Low Voltage During Verify 


0.45 

V 


Voh 

Output High Voltage During Verify 



V 


ICC2^ 

Vcc Supply Current 
(Program and Verify) 





Ipp2( 2 ) 

Vpp Supply Current (Program) 


50 

mA 


V|D 

Ag int e ligent Identifier Voltage 

11.5 


V 


Vpp 

Quick-Pulse Programming Algorithm 

12.5 

13.0 

V 


Vcc 

Quick-Pulse Programming Algorithm 

6.0 

6.5 

V 



The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a 
minimum of 15 Wsec/cm 2 . The erasure time with 
this dosage is approximately 15 to 20 minutes using 
an ultraviolet lamp with a 12000 jnW/cm 2 power rat- 
ing. The EPROM should be placed within 1 inch of 
the lamp tubes during erasure. The maximum inte- 
grated dose an EPROM can be exposed to without 
damage is 7258 Wsec/cm 2 (1 week @ 12000 
jnW/cm 2 ). Exposure of the device to high intensity 
UV light for long periods may cause permanent dam- 
age. 


NOTES: 

1. Vcc must be applied simultaneously or before OE/Vpp and removed simultaneously or after OE/Vpp. 

2. The maximum current value is with outputs O 0 -O 7 unloaded. 
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AC PROGRAMMING CHARACTERISTICS 

Ta=25°C±5°C 


Symbol 

Parameter 

Limits 

Conditions* 
(Note 1) 

Min 

Typ 

Max 

Units 

*AS 

Address Setup Time 

2 



JLtS 


tOES 

OE/Vpp Setup Time 

2 



JLtS 


tos 

Data Setup Time 

2 



JUS 


*AH 

Address Hold Time 

0 



JLtS 


tDH 

Data Hold Time 

2 



JLLS 


*DFP 

Output Enable to Output Float Delay 

0 


130 

ns 

(Note 2) 

tvcs 

Vcc Setup Time 

2 



JLtS 

(Note 1) 

t PW 

CE Initial Program Pulse Width 

95 

100 

105 

JLtS 


tOEH 

OE/Vpp Hold Time 

2 



JLtS 


*DV 

Data Valid from CE 



1 

JLtS 


*VR 

OE/Vpp Recovery Time 

2 



JLtS 


tpRT 

OE/Vpp Pulse Rise Time 

During Programming 

50 



ns 



*AC CONDITIONS OF TEST 

Input Rise and Fall Times (10% to 90%) 20 ns 

Input Pulse Levels 0.45V to 2.4V 

Input Timing Reference Level 0.8V and 2.0V 

Output Timing Reference Level 0.8V and 2.0V 


NOTES: _ 

1. Vcc must be applied simultaneously or before OE/Vpp 
and removed simultaneously or after OE/Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no long- 
er driven— see timing diagram. 
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PROGRAMMING WAVEFORMS 



NOTES: 

1. The Input Timing Reference Level is 0.8V for a V||_ and 2.0V for a V|h- 

2. toE and toFP are characteristics of the device but must be accommodated by the programmer. 

3. The proper page to be programmed must be selected by a page-select write operation prior to programming each of the 
four 16 Kbyte pages. See Page Select Write AC and DC Characteristics for information on page selection operations. 


REVISION HISTORY 


Number 

Description 

002 

Change 150 speed option to 170. 
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27C011 

PAGE-ADDRESSED 1M (8 x 16K x 8) EPROM 

■ Paged Organization ■ 

— Reduced Physical Address 
Requirement 

■ Compatible with 28-Pin JEDEC EPROMs ■ 

-Single-Trace Modification for 

Retrofitting 27128-Based Designs 

■ No-Hardware-Change Upgrades ■ 

— Drop-In 27513 Replacement 

■ Fast Programming 

— Quick-Pulse Programming™ 

Algorithm 

— Programming Time as Fast as ■ 

15 Seconds 


The Intel 27C01 1 is a 5V-only, 1,048,576-bit Erasable Programmable Read Only Memory. It is organized as 8 
pages of 16K 8-bit words. Its pin-compatibility with byte-wide JEDEC EPROMs allows retrofitting existing 
designs to the greater storage capacity afforded by the page-addressed organization. Its 16 K-byte physical 
address space requirement allows the 27C01 1 to be utilized in address-constrained system designs. 

When a 28-pin DIP socket is configured for 27C64 or 27C128 EPROMs, it is easily retrofitted to the 27C011. 
By adding a WRITE ENABLE signal to pin 27 (DIP) (unused on 27C64 and 27C128), the 27C011 can be used 
in an existing design. Thus, the 27C011 enables product enhancements via additional feature sets and firm- 
ware-intensive performance upgrades. 

The page-addressed organization allows the use of 28-pin DIP packages, the smallest megabit EPROM 
footprint with applicability to all microprocessors. This provides very efficient circuit board layouts. 

The 27C01 1 is part of a multi-product megabit EPROM family. The other members are standard-addressed 
byte-wide and word-wide versions, the 27C010 and 27C210, respectively. The 27C010 is organized as 
128K x 8 in a 32-pin DIP package which is pin-compatible with JEDEC-standard 28-pin 51 2K EPROMs. The 
27C210 is packaged in a 40-pin DIP with a 64K x 16 organization. 

The 27C01 1 has an automatic page clear circuit for ease of use of its paged organization. The page-select 
latch is automatically cleared to the lowest order page upon system power-up. The 27C01 1 also contains 
many industry-standard features such as two-line output control for simple interfacing and the int e ligent Identi- 
fierTM feature for automated programming. It also can be programmed rapidly using Intel’s Quick-Pulse Pro- 
grammingTM Algorithm. 


Automatic Page Clear 

— Resets to Page 0 on P ower-Up and 
On Demand with RST Signal 

High-Performance 

— 200 ns Access Time 

— Low 30 mA Active Power 

Standard EPROM Features 

— TTL Compatibility 

— Two Line Control 

— int e ligent Identifier™ for Automated 
Programming 

Smallest Megabit DIP Package 
-28-Pin DIP, Minimal Footprint without 
Address/Data Multiplexing 
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Pin Names 


Ao-A-13 

Addresses 

CE 

Chip Enable 

OE 

Output Enable 

WE 

Page-Select Write Enable 

O3-O7 

Outputs 

D x /O x 

Input/Outputs (X = 0 , 1 , or 2 ) 

Vpp/RST 

Vpp/Page Reset 

NC 

No Internal Connection 

D.U. 

Don’t Use 


EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 

The Intel EXPRESS EPROM family is a series of 
electrically programmable read only memories which 
have received additional processing to enhance 
product characteristics. EXPRESS processing is 
available for several densities of EPROM, allowing 
the choice of appropriate memory size to match sys- 
tem applications. EXPRESS EPROM products are 
available with 168+8 hour, 125°C dynamic burn-in 
using Intel’s standard bias configuration. This pro- 
cess exceeds or meets most industry specifications 
of burn-in. The standard EXPRESS EPROM operat- 
ing temperature range is 0°C to 70°C. Extended op- 
erating temperature range (— 40°C to +85°C) EX- 
PRESS products are available. Like all Intel 
EPROMs, the EXPRESS EPROM family is inspected 
to 0.1% electrical AQL. This may allow the user to 
reduce or eliminate incoming inspection testing. 


EXPRESS EPROM PRODUCT FAMILY 

PRODUCT DEFINITIONS 


Type 

Operating 

Temperature 

Burn-In 
125°C (hr) 

Q 

0°C to +70°C 

168 ±8 


EXPRESS OPTIONS 
27C011 VERSIONS 


Packaging Options 

Speed Versions 

Cerdip 

-200V10 

Q, T, L 



Vrr = 


+ 5V R = 1 Kn_ 
GND = 0V CE : 


V CC = +5V 
GND 


30/xs 


AO 


A1 


JUU 
J 1_T 


A13 

290232-4 

Binary Sequence from A 0 to A 13 required for each page. Page 
changes during burn-in require the following minimum timing 
parameter values (see Page-Select AC Characteristics): 
twH = 500 ns 
t\yp = 500 ns 
twR = 500 ns 
tos = 500 ns 
tQH = 500 ns 


Burn-In Bias and Timing Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 


Operating Temperature During 

Read 0°Cto +70°C 

Temperature Under Bias - 1 0°C to + 80°C 

Storage Temperature -65°C to + 125°C 

All Input or Output Voltages with 

Respect to Ground - 0.6V to + 6.5V 

Voltage on Ag with 

Respect to Ground -0.6V to + 13.0V 

Vpp Supply Voltage with Respect to 

Ground During Programming -0.6V to + 14V 

Vcc Supply Voltage 

with Respect to Ground -0.6V to + 7.0V 


NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. 

* WARNING: Stressing the device beyond the ‘Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
‘‘Operating Conditions” is not recommended and ex- 
tended exposure beyond the ‘‘Operating Conditions” 
may affect device reliability. 


READ OPERATION 


DC CH 


ARACTERISTICS TTL and NMOS Inputs, 0°C <; T A <: + 70°C,V C c ±10% 


Symbol 

Parameter 

Notes 

Min 

Typ( 3 ) 

Max 

Units 

Test Condition 

Ili 

Input Load Current 



0.01 

1.0 

fxA 

V| N = 0V to 5.5V 

Ilo 

Output Leakage Current 




±10 

jllA 

Vqut = 0V to 5.5V 

Ilrst 

Vpp/RST Load Current 

9 



500 

jiA 

Vpp/RST < V C c 

•SB 

Vcc Current Standby 




1.0 

mA 

i 

> 

II 

|LU 

lo 

ICC! 

Vcc Current Active 

5 



30 

mA 

CE = V, L 

f = 5 MHz, Iqut = 0 mA 

Ippi 

Vpp Current Read 

7 



10 

julA 

o 

o 

> 

II 

CL 

CL 

> 

V| L 

Input Low Voltage (±10% Supply) 

1 

-0.5 


0.8 

V 


V|H 

Input High Voltage (±10% Supply) 


2.0 


Vcc + 0-5 

V 


VOL 

Output Low Voltage 




0.45 

V 

Iol = 2.1 mA 

VoH 

Output High Voltage 


2.4 



V 

Iqh = -400 fiA 

V CLR 

Page Latch Clear— Vcc 



3.5 

4.0 

V 


los 

Output Short Circuit Current 

6 



100 

mA 


Vpp 

Vpp Read Voltage 

8 

Vcc -0.7V 


Vcc 

V 




NOTES: 

1. Minimum DC input voltage is -0.5V. During transitions, the inputs may undershoot to -2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vqq + 0.5 V which may overshoot to Vcc + 2V for periods less than 20 ns. 

2. Operating temperature is for commercial product defined by this specification. Extended temperature options are available 
in EXPRESS and Automotive versions. 

3. Typical limits are at Vcc = 5V, T^ = + 25°C. 

4. CE is Vcc ±0.2V. All other inputs can have any value within spec. 

5. Maximum current value is with outputs Oq to 0 7 unloaded. 

6. Output shorted for no more than one second. No more than one output shorted at a time. Iqs is sampled but not 100% 
tested. 

7. Maximum active power usage is the sum of Ipp and Ice- The maximum current value is with no loading on outputs Oo to 
0 7 . 

8. Vpp may be one diode voltage drop below Vcc- It may be connected directly to Vcc- Also, Vcc must be applied simulta- 
neousl y or b efore Vpp and removed simultaneously or after Vpp. 

9. Vpp/RST should be at a TTL V|h level except during programming or during page 0 reset. 
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READ OPERATION (Continued) 


DC CHARACTERISTICS CMOS Inputs 


Symbol 

Parameter 

Notes 

Min 

TypO) 

Max 

Units 

Test Condition 

lu 

Input Load Current 



0.01 

1.0 



•lo 

Output Leakage Current 




±10 

juA 

Vqut = 0V to 5.5V 

•SB 

Vcc Current Standby 

4 



100 

JLtA 

0 

0 

> 

II 

[LU 

lo 


Vcc Current Active 

5 



30 


gBHH 

Ippi 

Vpp Current Read 

7 



10 

juA 

Vpp = Vcc 

V|L 

Input Low Voltage 
(±10% Supply) 

■ 



0.8 

V 


VlH 

Input High Voltage 
(±10% Supply) 



■ 


■ 


Vql 

Output Low Voltage 




0.4 

■ 

Iol = 2.1 mA 


Output High Voltage 





wm 

Iqh = “400 pA 

los 

Output Short Circuit Current 

6 



100 

mA 



NOTES: 

1. Minimum DC input voltage is -0.5V. During transitions, the inputs may undershoot to -2.0V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vcc + 0.5V which may overshoot to Vcc + 2 V for periods less than 20 ns. 

2. Operating temperature is for commercial product defined by this specification. Extended temperature options are available 
in EXPRESS and Automotive versions. 

3. Typical limits are at Vcc = 5V, Ta = +25°C. 

4. CE is Vcc ±0.2V. All other inputs can have any value within spec. 

5. Maximum current value is with outputs Oo to O7 unloaded. 

6. Output shorted for no more than one second. No more than one output shorted at a time, los is sampled, not 100% 
tested. 

7. Maximum active power usage is the sum of Ipp and Ice- The maximum current value is with no loading on outputs Oo to 

O7. 


AC CHARACTERISTICS* 1 ) o°c ^ t a <; + 70 °C 


Versions 

Vcc ±10% 

27C011-200V10 

Units 

Symbol 

Characteristics 

Min 

Max 

Ucc 

Address to Output Delay 


200 

ns 

*CE 

CE to Output Delay 


200 

ns 

*OE 

OE to Output Delay 


70 

ns 

tDF< 2 ) 

OE High to Output Float 

0 

60 

ns 

tOH« 

Output Hold from Addresses CE or OE, 
Whichever Occurred First 

0 


ns 


AC CONDITIONS OF TEST 

Input Rise arid Fall Times (10% to 90%) 10 ns 

Input Pulse Levels 0.45V to 2.4V 

Input Timing Reference Level 0.8V and 2.0V 

Output Timing Reference Level 0.8V and 2.0V 


NOTES: 

1. See AC Waveforms for Read Operation for timing mea- 
surements. 

2. Sampled, not 100% tested. 
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PAGE-SELECT WRITE AND PAGE-RESET OPERATION 
AC CHARACTERISTICS o°C s t a s +70 C 


Symbol 

Parameter 

Limits 

Units 

Test 

Conditions 

Min 

Max 

tew 

CE to End of Write 

100 


ns 

x 

> 

II 

|LU 

lo 

t\A/p 

Write Pulse Width 

50 


ns 

X 

> 

II 

|LU 

lo 

*WR 

Write Recovery Time 

20 


ns 


!ds 

Data Setup Time 

50 


ns 

X 

> 

II 

ILD 

lo 

*DH 

Data Hold Time 

20 


ns 

X 

> 

II 

|LU 

lo 

*CS 

CE to Write Setup Time 

0 


ns 

X 

> 

II 

ILU 

lo 

tWH 

WE Low from OE High Delay Time 

55 


ns 


tRST 

Reset Low Time 

100 


ns 


*RAV 

Reset to Address Valid 

150 


ns 



CAPACITANCEO)t a = + 25°C, f = 1 MHz 


Symbol 

Parameter 

Typ(D 

Max 

Units 

Conditions 

C|N 

Input Capacitance 

4 

8 

PF 

< 

z 

II 

o 

< 

Gout 

Output Capacitance 

8 

12 

pF 

Vqut - ov 

CVpp/RST 

Vpp/RST Capacitance 

18 

25 

PF 

> 

o 

II 

z 

> 


1. Sampled. Not 100% tested. 


AC TESTING INPUT/OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 



290232-5 


AC Testing inputs are driven at 2.4V for a logic 1 and 0.45V for a 
logic 0. Timing measurements are made at 2.0 V for a logic 1 and 
0.8V for a logic 0. 


1.3V 



Cl Includes Jig Capacitance 
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AC WAVEFORMS FOR PAGE-RESET OPERATION 


ADDRESSES X ADDRESS DON'T CARE ^ ADDRESS VALID 


■* tRST *■ 

> 

< 

Vpp/RST \ 

Y 

290232-9 


NOTES: 

1. Typical values are for Ta = + 25°C and nominal supply voltages. 

2. Thi s parameter is only sampled and is not 100% tested. 

3. OE may be delayed up to tcE-tpE after the falling edge of CE without impact on tcE- 

4. Write may be terminated by either CE or WE, providing that the minimum tew requirement is met before bringing WE high 
or that the minimum twp requirement is met before bringing CE high. 

5. OE must be high during write cycle. 


DEVICE OPERATION 

The modes of operation of the 27C01 1 are listed in Table 1 . A single 5V power supply is required in the read 
mode. All inputs are TTL levels except for Vpp and 1 2 V on Ag for int e ligent Identifier. 


Table 1. Operating Modes 


Pins 

CE 

OE 

PGM/ 

WE 



■ffl 




Mode 

Read 

V| L 

V|L 

V| H 

X(1) 

1 



DquT 


Output Disable 

V|L 

V| H 

V|H 

mm 

D 

■ 




Standby 

V| H 

X 

X 

X 






Programming 

V|L 

V|H 

V|L 

X 

m 




■Mi 

Verify 

V| L 

VlL 

V| H 

X 

X 



1 

DouT 

Program Inhibit 

V| H 

X 

V|H 

X 

X 

Vpp(^) 

V cc ( 3 ) 

High Z 

High Z 

Page-Select Write 

V|L 

V|H 

VlL 

X 

X 

V|H 

Vqc( 5 ) 

(Note 7) 

Page D iN 

Page-Reset 

X 

X 

X 

X 

X 

V| L 

Vcc 

(Note 7) 

X 

int e ligent — Manufacturer 
Identifier — Device 

V|L 

VlL 

V|H 

V H ( 6 ) 

VlL 

V|H 

5.0V 

89H 

89H 

V| L 

V|L 

V|H 

V h (6) 

V|H 

V|H 

5.0V 

31 H 

31H 


NOTES: 

1. X can be V|h or V|l- 

2. Addresses are don’t care for page selection. See Table 2 for Din values. 

3. See Table 3 for Vcc and Vpp. 

4. Ai-A 8 , Aio-Ai 3> = V| L . 

5. Page 0 is automatically selected at power-up (Vcc < 4.0V). 

6. V H = 12.0V ±0.5%. 

7. State of outputs depends on state of CE and OE. See Outputs State for Read, Output Disable, and Standby Modes. 
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Read Mode 

The 27C011 has three control functions, two of 
which must be logically active in order to obtain data 
at the outputs. Chip Enable (CE) is the power control 
and should be used for device selection. Output En- 
able (OE) is the output control and should be used 
to gate data from the output pins, independent of 
device selection. Assuming that addresses are sta- 
ble, the address access time (tACc) is equal to the 
delay from CE to output (tcE)- Data is available at 
the outputs after a delay of toE from the falling edge 
of OE, assuming that CE has been low and address- 
es have been stable for at least tAcc-tOE- WE is 
held high during read operations. 


Standby Mode 

EPROMs can be placed in standby mode which re- 
duces the maximum current of the device by apply- 
ing a TTL-high signal to the CE input. When in stand- 
by mode, the outputs are in a high impedance state, 
independent of the OE and WE inputs. 


Page-Select Write Mode 

The 27C01 1 is addressed by first selecting one of 
eight 16 K-byte pages. Individual bytes are then se- 
lected by normal random access within the 16 
K-byte page using the proper combination of 
A0-A13 address inputs. By applying a TTL low sig- 
nal to the WE input with CE low and OE high, the 
desired page is latched in according to the combina- 
tion of Dq/Oo, D-|/Oi and D2/O2. Address inputs 
are “don’t care” during page selection. 

Care should be taken in organizing software pro- 
grams such that the number of page changes is min- 
imized. This allows maximum system performance. 
Also, the processor’s program counter status must 
be considered when page changes occur in the mid- 
dle of an opcode sequence. After a page-select 
write, the program counter will be incremented to the 
next location (or further in pipelined systems) in the 
new page relative to that of the page-select write 
opcode in the previous page. 


Table 2, Page Selection Data 


Input/Output 

D2/O2 

Di/O, 

Dq/Oo 

Page Selection 

Select Page 0 

V|L 

VlL 

V|L 

Select Page 1 

V|L 

V|L 

V| H 

Select Page 2 

V|L 

V|H 

V|L 

Select Page 3 

V|L 

V|H 

V|H 

Select Page 4 

V|H 

VlL 

V|L 

Select Page 5 

V|H 

V| L 

V|H 

Select Page 6 

V| H 

V| H 

V|L 

Select Page 7 

V|H 

V|H 

V|H 


Page Reset 

The 27C01 1 has an automatic page latch clear cir- 
cuit to ensure consistent page selection during sys- 
tem bootstrapping. The page latch is automatically 
cleared to page 0 upon power-up. As the Vcc supply 
voltage ramps up, the page latch is cleared. After 
Vcc exceeds the 4.0V maximum page latch clear 
voltage (Vclr), the latch clear circuit is disabled. 
This ensures an adequate safety margin (500 mV of 
system noise below the worst case - 10% Vcc sup- 
ply condition) against spurious page latch clearing. 

The 27C011 also has a page reset pin: Vpp/RST. 
This pin should be tied to an active low reset line. 
These 27C01 1 s will be reset to page 0 when this line 
is brought to TTL Low (V||_). 


Two Line Control 

Because EPROMs are usually used in larger memo- 
ry arrays, Intel has provided 2 output control lines 
which accommodate this multiple memory connec- 
tion. The two control lines for read operation allow 
for: 

a) the lowest possible memory power dissipation, 
and 

b) complete assurance that output bus contention 
will not occur. 

To use these two control lines most efficiently, CE 
should be decoded and used as the primary device 
selecting function, while OE should be made a com- 
mon connectio n to al l devices in the array and con- 
nected to the READ line from the system control 
bus. This assures that all deselected memory devic- 
es are in their low power standby mode and that the 
output pins are active only when data is desired from 
a particular memory device. 

Similarly, CE deselects other 27C011s or RAMs dur- 
ing page select write operation while WE is in com- 
mon with other d evices in the array.. WE is connect- 
ed to the WRITE system control line. 


SYSTEM CONSIDERATIONS 

The power switching characteristics of EPROMs re- 
quire careful decoupling of the devices. The supply 
current, Ice. has three segments that are of interest 
to the system designer — the standby current level, 
the active current level, and the transient current 
peaks that are produced by the falling and rising 
edges of Chip Enable. The magnitude of these tran- 
sient current peaks is dependent on the output ca- 
pacitive and inductive loading of the device. The as- 
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sociated transient voltage peaks can be suppressed 
by complying with Intel’s Two-Line Control and by 
properly selected decoupling capacitors. It is recom- 
mended that a 0.1 jmF ceramic capacitor be used on 
every device between Vcc and GND. This should be 
a high frequency capacitor of low inherent induc- 
tance and should be placed as close to the device 
as possible. In addition, a 4.7 ju,F bulk electrolytic 
capacitor should be used between Vcc and GND for 
every eight devices. The bulk capacitor should be 
located near where the power supply is connected 
to the array. The purpose of the bulk capacitor is to 
overcome the voltage droop caused by the inductive 
effects of PC board traces. This inductive effect 
should be further minimized through special layout 
considerations such as larger traces and gridding. In 
particular, the Vss (Ground) plane should be as sta- 
ble as possible. 


PROGRAMMING 

Caution: Exceeding 14.0V on Vpp will permanent- 
ly damage the 27C011. 

Initially, and after each erasure, all bits of the 
EPROM are in the “1” state. Data is introduced by 
selectively programming “Os” into the desired bit lo- 
cations. Although only “Os” will be programmed, 
both “Is” and “Os” can be present in the data word. 
The only way to change a “0” to a “1 ” is by ultravio- 
let light erasure. 

The 27C01 1 is in the programming mode when the 
Vpp input is at its programming voltage and CE is at 
TTL-low. The data to be programmed is applied 8 
bits in parallel to the data output pins. The levels 
required for the address and data inputs are TTL. 


Program Inhibit 

Programming of multiple 27C01 Is in parallel with dif- 
ferent data is easily accomplished by using the Pro- 
gram Inhibit mode. A high-level CE input inhibits the 
other 27C011s from being programmed. 

Except for CE, all inputs of the parallel 27C01 1 s may 
be comm on. A TTL low-level pulse applied to the 
PGM/WE input with Vpp at its programming voltage 
will program the selected 27C01 1 . 


Verify 

A verify (read) should be performed on the pro- 
grammed bits to determine that they have been cor- 
rectly programmed. The verify is performed with OE 
and CE at Vil and Vcc * s at its programming voltage 


Data should be verified tpv after the falling edge of 
CE. 


int e ligent IdentifierTM Mode 

The int e ligent Identifier Mode allows the reading out 
of a binary code from an EPROM that will identify its 
manufacturer and type. This mode is intended for 
use by programming equipment for the purpose of 
automatically matching the device to be pro- 
grammed with its corresponding programming algo- 
rithm. This mode is functional in the 25°C ±5°C 
ambient temperature range that is required when 
programming the device. 

To activate this mode, the programming equipment 
must force 1 1 .5V to 12.5V on address line A9 of the 
EPROM. Two identifier bytes may then be se- 
quenced from the device outputs by toggling ad- 
dress line AO from Vil to Vm- All other address lines 
must be held at Vil during the int e ligent Identifier 
Mode. 

Byte 0 (AO = V|i_) represents the manufacturer code 
and byte 1 (AO = Vm) the device identifier code. 
These two identifier bytes are given in Table 1. 


ERASURE CHARACTERISTICS 
(FOR CERDIP EPROMs) 

The erasure characteristics are such that erasure 
begins to occur upon exposure to light with wave- 
lengths shorter than approximately 4000 Angstroms 
(A). It should be noted that sunlight and certain 
types of fluorescent lamps have wavelengths in the 
3000-4000 A range. Data show that constant expo- 
sure to room level fluorescent lighting could erase 
the EPROM in approximately 3 years, while it would 
take approximately 1 week to cause erasure when 
exposed to direct sunlight. If the device is to be ex- 
posed to these types of lighting conditions for ex- 
tended periods of time, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure is exposure 
to shortwave ultraviolet light which has a wavelength 
of 2537 Angstroms (A). The integrated dose (i.e., UV 
intensity x exposure time) for erasure should be a 
minimum of 15 Wsec/cm 2 . The erasure time with 
this dosage is approximately 1 5 to 20 minutes using 
an ultraviolet lamp with a 1 2000 jaW/cm 2 power rat- 
ing. The EPROM should be placed within 1 inch of 
the lamp tubes during erasure. The maximum inte- 
grated dose an EPROM can be exposed to without 
damage is 7258 Wsec/cm 2 (1 week @ 12000 
juW/cm 2 ). Exposure of the device to high intensity 
UV light for long periods may cause permanent dam- 
age. 
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Figure 4. 27C011 Quick-Pulse Programming Flowchart 

Quick Pulse Programming Algorithm fication to determine when the address byte has 

been successfully programmed. Up to 25 100 jxs 
Intel’s 27C01 1 EPROM is programmed using the pulses per byte are provided before a failure is rec- 

Quick-Pulse Programming algorithm, developed by ognized. A flowchart of the Quick-Pulse Program- 

Intel to substantially reduce the throughput time in ming algorithm is shown in Figure 4. 

the production programming environment. This algo- 
rithm allows these devices to be programmed as For the Quick-Pulse Programming algorithm, the en- 

fast as fourteen seconds, almost a hundred fold im- tire sequence of programming pulses and byte verifi- 

provement over previous algorithms. Actual pro- cations is performed at Vqq = 6.25V and Vpp at 

gramming time is a function of the PROM program- 12.75V. When programming of the EPROM has 

mer being used. been completed, all bytes should be compared to 

the original data with Vcc = Vpp = 5.0V. 

The Quick-Pulse Programming algorithm uses initial 
pulses of 100 microseconds followed by a byte veri- 
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DC PROGRAMMING CHARACTERISTICS T A = 25°C ±5°C 

Table 3 


Symbol 

Parameter 

Limits 

Test Conditions 
(Note 1) 

Min 

Max 

Units 

lu 

Input Current (All Inputs) 


1 

jixA 

V|N = V| L orV| H 

V|L 

Input Low Level (All Inputs) 

-0.1 

0.8 

V 


V| H 

Input High Level 

2.4 

6.5 

V 


V 0 L 

Output Low Voltage During Verify 


0.45 

V 

Iql = 2.1 mA 

VOH 

Output High Voltage During Verify 

3.5 


V 

*OH = “2.5 /xA 

ICC2^ 

Vcc Supply Current (Program and Verify) 


40 

mA 


lpP2 

Vpp Supply Current (Program) 


50 

mA 

_l 

> 

II 

ILU 

lo 

V|D 

Ag int e ligent Identifier Voltage 

11.5 

12.5 

V 


Vpp 

Quick-Pulse Programming Algorithm 

12.5 

13.0 

V 


Vcc 

Quick-Pulse Programming Algorithm 

6.0 

6 - 5 

V 



AC PROGRAMMING CHARACTERISTICS 

T a = 25°C ±5°C (See Table 3 for Vcc and Vpp voltages.) 


Symbol 

Parameter 

Limits 

Conditions* 

(Note 1) 

Min 

Typ 

Max 

Units 

Us 

Address Setup Time 

2 



JLLS 


tOES 

OE Setup Time 

2 



JUS 


*DS 

Data Setup Time 

2 



JUS 


*AH 

Address Hold Time 

0 



JU.S 


*DH 

Data Hold Time 

2 



JXS 


*DFP 

OE High to Output Float Delay 

0 


130 

ns 

(Note 2) 

*VPS 

Vpp Setup Time 

2 



juts 


tvcs 

Vcc Setup Time 

2 



JUS 


tCES 

CE Setup Time 

2 



JUS 


tpw 

PGM Program Pulse Width 

95 

100 

105 

jULS 

Quick-Pulse Programming 

tOE 

Data Valid from OE 



150 

ns 



*AC CONDITIONS OF TEST 

Input Rise and Fall Times (10% to 90%) 20 ns 


Input Pulse Levels 0.45V to 2.4V 

Input Timing Reference Level 0.8V and 2.0 V 

Output Timing Reference Level 0.8V and 2.0 V 


NOTES: 

1 . Vcc must be applied simultaneously or before Vpp and 
removed simultaneously or after Vpp. 

2. This parameter is only sampled and is not 100% tested. 
Output Float is defined as the point where data is no long- 
er driven— see timing diagram. 

3. The maximum current value is with outputs O 0 -O 7 un- 
loaded. 
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NOTES: 

1. The Input Timing Reference Level is 0.8V for a V|l and 2.0V for a Vm- 

2. toE and topp are characteristics of the device but must be accommodated by the programmer. 

3. The proper page to be programmed must be selected by a page-select write operation prior to programming each of the 
four 16 Kbyte pages. See Page Select Write AC and DC Characteristics for information on page selection operations. 


REVISION HISTORY 


Number 

Description 

002 

Remove 1 50 speed option 


infer 

w 27C010 

1M (128K x 8) CHMOS EPROM 

■ JEDEC Approved EPROM Pinouts ■ 

-32-Pin DIP, 32-Pin PLCC 

— Simple Upgrade from Lower 
Densities 

■ Complete Upgrade Capability to Higher 

Densities ■ 

■ Versatile EPROM Features 

— CMOS and TTL Compatibility 

— Two Line Control ■ 


Intel’s 27C010 is a 5V only, 1,048,576-bit, Erasable Programmable Read Only Memory, organized as 129,536 
words of 8 bits. It is pin compatible with lower density DIP EPROMs (JEDEC) and provides for simple upgrades 
to 8 Mbits in the future in both DIP and PLCC. 

The 27C010 represents state-of-the-art 1 micron CHMOS manufacturing technology while providing un- 
equaled performance. Its 120 ns speed (tAcc) offers no-wait-state operation with high performance CPUs in 
applications ranging from numerical control to office automation to telecommunications. 

Intel offers two DIP profile options to meet your prototyping and production needs. The windowed ceramic DIP 
(CERDIP) package provides erasability and reprogrammability for prototyping and early production. Once the 
design is in full production, the plastic DIP (PDIP) one-time programmable part provides a lower cost alterna- 
tive that is well adapted for auto insertion. 

In addition to the JEDEC 32-pin DIP package, Intel also offers a 32-lead PLCC version of the 27C010. This 
one-time-programmable surface mount device is ideal where board space consumption is a major concern or 
where surface mount manufacturing technology is being implemented across an entire production line. 

The 27C010 is equally at home in both a TTL or CMOS environment. It programs as fast as 15 seconds using 
Intel’s industry leading Quick-Pulse Programming algorithm. 


Fast Programming 

— Quick-Pulse ProgrammingTM 
Algorithm 

— Programming Time as Fast as 15 
Seconds 

High-Performance 

— 120 ns, ± 10% Vqc 

— 30 mA Iqc Active 

Surface Mount Packaging Available 

— Smallest 1 Mbit Footprint in SMT 


DATA OUTPUTS 



Figure 1. Block Diagram 


5-113 


September 1990 
Order Number: 290174-004 










Figure 3. PLCC Lead Configuration 
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EXTENDED TEMPERATURE 
(EXPRESS) EPROMs 

The Intel EXPRESS EPROM family receives addi- 
tional processing to enhance product characteris- 
tics. EXPRESS processing is available for several 
densities allowing the appropriate memory size to 
match system requirements. EXPRESS EPROMs 
are available with 168 ±8 hour, 125°C dynamic 


burn-in using Intel’s standard bias configuration. 
This processing meets or exceeds most industry 
burn-in specifications. The EXPRESS product family 
is available in both 0°C to +70°C and -40°C to 
+ 85°C operating temperature range versions. Like 
all Intel EPROMs, the EXPRESS EPROM family is 
inspected to 0.1 % electrical AQL. This allows reduc- 
tion or elimination of incoming testing. 


EXPRESS EPROM FAMILY 

PRODUCT DEFINITIONS 


Type 

Operating Temperature 

Burn-in 125°C (hr) 

Q 

0°C to 70°C 

168 ±8 

T 

— 40°C to 85°C 

None 

L 

— 40°C to 85°C 

168 ±8 


OPTIONS 


Packaging 

Speed 

CERDIP 

150V10 

Q, T, L 


READ OPERATION DC CHARACTERISTICS 

Electrical parameters of EXPRESS EPROM products are identical to standard EPROM parameters except for: 


Symbol 

Parameter 

TD27C010(2) 

LD27C010 

Test Condition 

Min 

Max 

Ice* 1 ) 

Vcc Operating Current (mA) 


30 

OE = CE = V||_, T^mbient = — 40°C 

Vcc Operating Current 
at High Temperature (mA) 


30 

OE = CE = V| L 

Vpp = Vcc. TAmbient = 85°C 


NOTES: 

1 . Maximum current is with outputs Oo to O 7 unloaded. 

2. D refers to the CERDIP package. 



290174-4 

OE = +5V R = 1 kH V CC = +5V 
Vpp = + 5V GND = 0V CE = GND 
PCaM = +5V 


30 jj.s 

‘°_rilh_r 

Al6 290174-5 

Binary Sequence from A 0 to A 16 


Burn-In Bias and Timing Diagrams 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 0°C to 70°C( 1 ) 

Temperature Under Bias - 1 0°C to 80°C 

Storage Temperature -65°C to 125°C 

Voltage on Any Pin 

(except Ag, Vgc and Vpp) 

with Respect to GND -0.6V to 6.5V( 2 - 8 ) 

Voltage on Ag with 

Respect to GND -0.6V to 13.0V(2) 

Vpp Program Voltage 

with Respect to GND -0.6V to 14V( 2 ) 

Vcc Supply Voltage 

with Respect to GND -0.6V to 7.0V( 2 ) 


READ OPERATION DC CHARACTERISTICS^) v cc = 5 .ov ±10% 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

in 


7 


0.01 

1.0 

ju,A 

V| N = 0V to 5.5V 

! lo 

Output Leakage Current 




±10 

jaA 

V 0 UT = 0V to 5.5V 

IsB 

Vcc Standby Current 




1.0 

mA 

CE = V, H 

100 



Icc 

Vcc Operating Current 

3 


■ 


mA 

ESSJHH|HH 

91 

Ipp 

Vpp Operating Current 

3 



10 

/xA 

Vpp = Vcc 

mm 

Output Short Circuit Current 

4,6 



100 

mA 


V|L 

Input Low Voltage 


-0.5 


0.8 

V 


V| H 

Input High Voltage 


2.0 


Vcc + 0.5 

V 


V 0 L 

Output Low Voltage 




0.45 

V 

Iol - 2 -1 mA 

VoH 

Output High Voltage 


2.4 



V 

Iqh = -400 /jlA 

Vpp 

Vpp Operating Voltage 

5 

< 

0 

0 

1 

0 

<1 


Vcc 

V 



NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


NOTES: 

1 . Operating temperature is for commercial product defined by this specification. Extended temperature options are available 
in EXPRESS versions. 

2. Minimum DC voltage is -0.5V on input/output pins. During transitions, this level may undershoot to -2.0V for periods 
<20 ns. Maximum DC voltage on input/output pins is Vcc + 0.5 V which, during transitions, may overshoot to Vcc + 2.0V 
for periods <20 ns. 

3. Maximum active power usage is the sum Ipp + Ice- Maximum current is with outputs Oo to O7 unloaded. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 

5. Vpp may be connected directly to Vcc. or may he one diode voltage drop below Vcc- v cc must he applied simultaneously 
or before Vpp and removed simultaneously or after Vpp. 

6. Sampled, not 100% tested. 

7. Typical limits are at Vcc = 5V, Ta = 25°C. 

8. Absolute Maximum Ratings apply to NC pins. 
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READ OPERATION AC CHARACTERISTICS^) v cc = 5.0V ± 10 % 


Versionsf 4 ) 

Vcc ±10% 

27C010-120V10 

27C010-150V10 

P27CQ10-150V1Q 

N27C010-150V10 

27C010-200V10 

P27C010-200V10 

N27C010-200V10 

Units 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

*ACC 

Address to Output Delay 



120 


150 


200 

ns 

tCE 

CE to Output Delay 

2 


120 


150 


200 

ns 

tOE 

OE to Output Delay 

2 


55 


60 


70 

ns 

*DF 

OE High to Output High Z 

3 


30 


50 


60 

ns 

tQH 

Output Hold from 
Addresses, CE or OE 
Change-Whichever is 

First 

3 

0 


0 


0 


ns 


NOTES: 

1. See AC Input/Output Reference Waveform for timing measurements. 

2. OE may be delayed up to tcE-toE after * he failing edge of CE without impact on toE- 

3. Sampled, not 100% tested. 

4. Model Number Prefixes: No Prefix = CERDIP, P = PDIP, N = PLCC. 
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CAPACITANCE(1)t a = 25°C, f = 1MHz 


Symbol 

Parameter 

Typ( 2 ) 

Max 

Unit 

Conditions 

C|N 

Input Capacitance 

4 

8 

PF 

> 

o 

II 

z 

> 

CouT 

Output Capacitance 

8 

12 

PF 

Vqut = 0V 

C V pp 

Vpp Capacitance 

18 

25 

PF 

> 

o 

II 

Q. 

0. 

> 


NOTES: 

1. Sampled, not 100% tested. 

2. Typical values are for Ta = 25°C and nominal supply voltages. 


AC INPUT/OUTPUT REFERENCE WAVEFORM AC TESTING LOAD CIRCUIT 
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DEVICE OPERATION 

The Mode Selection table lists 27C010 operating modes. Read Mode requires a single 5V power supply. All 
inputs, except Vqc and Vpp, and Ag during int e ligent Identifier Mode, are TTL or CMOS. 


Table 1. Mode Selection 


Mode 

Notes 

CE 

OE 

PGM 

Ag 

A 0 

Vpp 

Vcc 

Outputs 

Read 

1 

V|L 

V|L 

X 

X 

X 

Vcc 

Vcc 

Dout 

Output Disable 


V|L 

V|H 

X 

X 

X 

Vcc 

Vcc 

High Z 

Standby 



X 

X 


X 

Vcc 

Vcc 

High Z 

Program 

2 

VlL 

V|H 

VlL 

X 

X 

Vpp 

v cp 

Din 

Program Verify 


V| L 

V|L 

V|H 

mm 

X 

Vpp 

v cp 

d out 

Program Inhibit 


V|H 

X 

X 

X 

X 

Vpp 

Vcp 

High Z 

int e ligent 

Manufacturer 

2,3 

V|L 

VlL 

X 

V|D 

VlL 

Vcc 

Vcc 

89 H 

Identifier 

Device 


VlL 

VlL 

X 

V|D 

V|H 

Vcc 

Vcc 

35 H 


NOTES: 

1. X can be V||_ or Vm- 

2. See DC Programming Characteristics for Vcp, Vpp and V|p voltages. 

3. A-i-As, A-iq-A-16 = V| L . 


Read Mode 

The 27C010 has two control functions: both must be 
enabled to obtain data at the outputs. CE is the pow- 
er control and device select. OE controls the output 
buffers to gate data to the outputs. With addresses 
stable, the address access time (tAcc) equals the 
delay from CE to output (tee). Outputs display valid 
data toE after OE’s falling edge, assuming tAcc and 
tcE times are met. 

Vqc must be applied simultaneously or before 
Vpp and removed simultaneously or after Vpp. 


Two Line Output Control 

EPROMs are often used in larger memory arrays. 
Intel provides two control inputs to accommodate 


multiple memory connections. Two-line control pro- 
vides for: 

a) lowest possible memory power dissipation 

b) complete assurance that data bus contention will 
not occur 

To efficiently use these two control inputs, an ad- 
dress decoder should enable CE, while OE should 
be co nnecte d to all memory devices and the sys- 
tem’s READ control line. This assures that only se- 
lected memory devices have active outputs while 
deselected memory devices are in Standby Mode. 


Standby Mode 

Standby Mode substantially reduces Vqc current. 
When CE = Vih, the outputs are in a high imped- 
ance state, independent of OE. 
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Program Mode 

Caution: Exceeding 14V on Vpp will permanently 
damage the device . 

Initially, and after each erasure, all EPROM bits are 
in the "I” state. Data is introduced by selectively 
programming “Os” into the desired bit locations. Al- 
though only “Os” are programmed, the data word 
can contain both “Is” and “Os”. Ultraviolet light era- 
sure is the only way to change “Os” to “Is”. 

Program Mode is entered when Vpp is raised to 
12.75V. Data is introduced by ap plying an ^it word 
to the output pins. Pulsing PGM low while CE = V||_ 
and OE = V|h programs that data into the device. 


Program Verify 

A verify should be performed following a program 
operation to determine that bits have been correctly 
programmed. With Vcc at 6.25V, a substantial pro- 
gram margin i s ensu red. The verify is performed with 
CE a t Vil and PGM at Vm- Valid data is available toE 
after OE falls low. 


Program Inhibit 

Program Inhibit Mode allows parallel programming 
of multiple EPROMs with different data. CE-high in- 
hibits programming of non-targeted devices. Except 
for CE, parallel EPROMs may have common inputs. 


int e ligent Identifier™ Mode 

The int e ligent Identifier Mode will determine an 
EPROM’s manufacturer and device type, allowing 
programming equipment to automatically match a 
device with it’s proper programming algorithm. 

This mode is activated when a programmer forces 
12V ±0.5V on A 9 . With CE, OE, Ai -A 8 , and A 10 - 
A i6 at V|[_, Aq = V|l will present the manufacturer 
code and Aq = Vm the device code. This mode 
functions in the 25°C ±5°C ambient temperature 
range required during programming. 


UPGRADE PATH 

Future upgrade to 2-Mbit, 4-Mbit, and 8-Mbit densi- 
ties are easily accomplished due to the standardized 
pin configuration of t he 27 C010. When the 27C010 
is in Read Mode, the PGM input becomes non-func- 


tional. The PGM and NC pins may be Vil or Vm- This 
allows address lines A17-A-18 to be routed directly 
to these inputs in anticipation of future density up- 
grades. A jumper between Vcc and A19 allows fur- 
ther upgrade using the Vpp pin. Systems designed 
for 1-Mbit program memories today can be upgrad- 
ed to higher densities (2-Mbit, 4-Mbit, and 8-Mbit) in 
the future with no circuit board changes. 


SYSTEM CONSIDERATIONS 

EPROM power switching characteristics require 
careful device decoupling. System designers are in- 
terested in 3 supply current issues: standby current 
levels (Isb). active current levels (Ice), and transient 
current peaks produced by falling and rising edges 
of CE. Transient current magnitudes depend on the 
device output’s capacitive and inductive loading. 
Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 ju,F ceramic capacitor 
connected between its Vcc and GND. This high fre- 
quency, low inherent-inductance capacitor should 
be placed as close as possible to the device. Addi- 
tionally, for every 8 devices, a 4.7 jllF electrolytic 
capacitor should be placed at the array’s power sup- 
ply connection between Vcc and GND. The bulk ca- 
pacitor will overcome voltage slumps caused by PC 
board trace inductances.’ 


ERASURE CHARACTERISTICS 

Erasure begins when EPROMs are exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain fluorescent lamps have wavelengths in the 
3000A-4000A range. Data shows that constant ex- 
posure to room level fluorescent lighting can erase 
an EPROM in approximately 3 years, while it takes 
approximately 1 week when exposed to direct sun- 
light. If the device is exposed to these lighting condi- 
tions for extended periods, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure is exposure 
to ultraviolet light of wavelength 2537A. The inte- 
grated dose (UV intensity x exposure time) for era- 
sure should be a minimum of 15 Wsec/cm 2 . Erasure 
time is approximately 1 5 to 20 minutes using an ul- 
traviolet lamp with a 12000 /xW/cm 2 power rating. 
The EPROM should be placed within 1 inch of the 
lamp tubes. An EPROM can be permanently dam- 
aged if the integrated dose exceeds 7258 Wsec/ 
cm 2 (1 week @ 12000 ju,W/cm 2 ). 
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Figure 4. Quick-Pulse Programming™ Algorithm 


Quick-Pulse ProgrammingTM Algorithm 

The Quick-Pulse programming algorithm programs 
Intel’s 27C010. Developed to substantially reduce 
programming throughput, this algorithm can program 
the 27C010 as fast as 15 seconds. Actual program- 
ming time depends on programmer overhead. 

The Quick-Pulse programming algorithm employs a 
1 00 jus pulse followed by a byte verification to deter- 


mine when the addressed byte has been successful- 
ly programmed. The algorithm terminates if 25 at- 
tempts fail to program a byte. 

The entire program pulse/byte verify sequence is 
performed with Vpp = 12.75V and Vcc = 6.25V. 
When programming is complete, all bytes are com- 
pared to the original data with Vcc = Vpp = 5.0V. 
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DC PROGRAMMING CHARACTERISTICS T A = 25°C ±5°C 

Symbo 

Parameter Notes 

Min 

Typ Max 

Unit 

Test Condition 

Ili 

Input Load Current 


1 

l 11 A 

V|N = V|L or V| H 

•cp 

Vcc Program Current 1 


40 

mA 

CE = PGM = V|i_ 

Ipp 

Vpp Program Current 1 


50 

mA 

CE = PGM = V| L 

V|L 

Input Low Voltage 

-0.1 

0.8 

V 


VlH 

Input High Voltage 

2.4 

6.5 

V 


v OL 

Output Low Voltage (Verify) 


0.45 

V 

Iql - 2.1 mA 


Vqh Output High Voltage (Verify) 3.5 V Ioh = ~ 2.5 mA 

V|d Ag int e ligent Identifier Voltage 11.5 12.0 12.5 V 

V PP V PP Program Voltage 2,3 12.5 12.75 13.0 V 

V CP V CC Supply Voltage (Program) 2 6.0 6.25 6.5 V 


AC PROGRAMMING CHARACTERISTICS^) T A = 25°C ±5°C 



NOTES: 

1 . Maximum current is with outputs O 0 -O 7 unloaded. 

2. Vqp must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

3. When programming, a 0.1 juF capacitor is required across Vpp and GND to suppress spurious voltage transients which 
can damage the device. 

4. See AC Input/Output Reference Waveform for timing measurements. 

5. t 0 E and tpFP are device characteristics but must be accommodated by the programmer. 

6 . Sampled, not 100 % tested. 
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Description 

Revised general datasheet structure, text to improve clarity. 

Added PDIP package 

Combined TTL/NMOS and CMOS Read Operation DC Characteristics tables. 
Deleted 4 Meg and 8 Meg PLCC pinout references. 
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27C100 

1M (128K x 8) CHMOS EPROM 


■ Pin Compatible with 28-Pin 1 Mbit 
MASK ROM 

m Low Power Consumption 
— 30 mA Max. ActiVe 
— 100 julA Max. Standby 

■ CMOS and TTL Compatibility 


■ High Performance 

— ±10%V CC 

— 120 ns Maximum Access Time 

■ Quick-Pulse Programming™ Algorithm 
— Programming as Fast as 15 Seconds 

■ 32-Pin CERDIP and PDIP Packages 


Intel’s 27C100 is a 5V-only, 1,048,576 bit, Erasable Programmable Read Only Memory organized as 131,072 
bytes of 8 bits. It employs advanced CHMOS* III E circuitry for systems requiring low power, high speed 
performance and noise immunity. This device is pin compatible with 28-pin 1 Mbit MASK ROMs. 


The 27C100’s 120 ns speed (tACc) offers no-wait-state operation with high-performance CPUs in applications 
ranging from numerical control to office automation and telecommunications. The 27C1 00 is equally at home 
in both TTL and CMOS environments. 


Intel offers two DIP profile options to meet your prototyping and production needs. The windowed ceramic DIP 
(CERDIP) package provides erasability and reprogrammability for prototyping and early production. Once the 
design is in full production, the plastic DIP (PDIP) one-time programmable part provides a lower cost alterna- 
tive that is well adapted for auto insertion. This EPROM solution is particularly well-suited for “Just-In Time” 
code customization to meet specific geographic or application needs in your product line. The Quick-Pulse 
ProgrammingTM Algorithm provides fast, reliable programming. 

*CHMOS is a patented process of Intel Corporation. 


Vcc o- 


DATA OUTPUTS 
O0-O7 



290270-1 


Figure 1. Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 0°C to 70°C(i) 

Temperature under Bias - 1 0°C to 80°C 

Storage Temperature -65°C to 1 25°C 

Voltage on Any Pin (except 
Ag, Vqc and Vpp) 

with Respect to GND -0.6V to 6.25V(2) 

Voltage on Ag with 

Respect to GND - 0.6V to 1 3V( 2 ) 

Vpp Program Voltage 

with Respect to GND -0.6V to 14V( 2 ) 

Vqc Supply Voltage with 

Respect to GND -0.6V to 7V( 2 ) 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage . 
These are stress ratings only. Operation beyond the 
“Operating Conditions ” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


READ OPERATION DC CHARACTERISTICS v cc = 5.0V ±io% 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

Ili 

Input Load Current 

7 


0.01 

1.0 

fiA 

V| N = 0V to 5.5V 

•lo 

Output Leakage Current 




±10 

jLiA 

Vqut = 0V to 5.5V 

*SB 

Vqq Standby Current 




1.0 

mA 

X 

> 

II 

ILU 

lO 

100 

jitA 

CE = Vqq + 0.2V 

*CC 

Vqc Operating Current 

3 



30 

mA 

f = 5 MHz, 

CE = V||_, Iqut = 0 mA 

Ipp 

Vpp Operating Current 

3 



10 

fxA 

0 

0 

> 

II 

CL 

CL 

> 

•os 

Output Short Circuit Current 

4,6 



100 

mA 


V|L 

Input Low Voltage 


-0.5 


0.8 

V 


V|H 

Input High Voltage 


2.0 


Vqq + 0.5 

V 


V OL 

Output Low Voltage 




0.45 

V 

Iql = 2.1 mA 

VOH 

Output High Voltage 


2.4 



V 

Iqh = “400 ]ul A 

Vpp 

Vpp Operating Voltage 

5 

Vqq - 0.7 


Vcc 

V 



NOTES: 

1. Operating temperature is for commercial product defined by this specification. 

2. Minimum DC voltage is -0.5V on input/output pins. During transitions, this level may undershoot to -2.0V for periods 
<20 ns. Maximum DC voltage on input/output pins is Vqc + 0.5 V which, during transitions, may overshoot to Vqc + 2.0 V 
for periods <20 ns. 

3. Maximum active power usage is the sum Ipp + Iqq. Maximum current value is with outputs O0-O7 unloaded. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 

5. Vpp may be connected directly to Vqq or may be 1 diode voltage drop below Vqq. Vqq must be applied simultaneously or 
before Vpp and removed simultaneously or after Vpp. 

6. Sampled, not 100% tested. 

7. Typical limits are at Vqq = 5V, Ta = 25°C. 

8. Absolute Maximum rating applies to NC pins. 


5-126 




27C100 




inteT 


READ OPERATION AC CHARACTERISTICS^) v cc = 5 0V ±10% 


Versions( 4 ) Vcc ±10% 

27C100-120V10 

27C100-150V10 

P27C100-150V10 

27C100-200V10 
P27C 1 00-200 V 1 0 

Unit 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

*ACC 

Address to Output Delay 



120 


150 


200 

ns 

tCE 

CE to Output Delay 

2 


120 


150 


200 

ns 

tOE 

OE to Output Delay 

2 


55 


60 


70 

ns 

tDF 

OE High to Output High Z 

3 


30 


50 


60 

ns 

tQH 

Output Hold from 
Addresses, CE or OE 
Change — Whichever 
Occurs First 

3 

0 

1 

0 


0 


ns 


NOTES: 

1. See AC Input/Output Reference Waveform for timing measurements. 

2. OE may be delayed up to tcE-toE after the falling edge of CE without impact on tcE- 

3. Sampled, not 100% tested. 

4. Model Number Prefixes: No Prefix = CERDIP, P = PDIP. 


AC WAVEFORMS 
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CAPACITANCE^) t a = 25°C, f = 1 MHz 


Symbol 

Parameter 

Typ( 5 ) 

Max 

Unit 

Condition 

C|N 

Input Capacitance 

4 

8 

pF 

< 

z 

II 

o 

< 

| 

Output Capacitance 

8 




Cvpp 

Vpp Capacitance 

16 





AC INPUT/OUTPUT REFERENCE WAVEFORM 
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AC test inputs are driven at Vqh (2.4 Vttl) for a Logic 
“1” and Vql (0.45 Vttl) f° r a Logic “0”. Input timing 
begins at Vih (2.0 Vttl) and Vil (0.8 Vttl)- Output tim- 
ing ends at Vm and V|j_. Input rise and fall times (10% 
to 90%) ^10 ns. 


AC TESTING LOAD CIRCUIT 




DEVICE 

f\ 

TEST 

L l 


I 


290270-8 


C L = 100 pF 

Cl Includes Jig Capacitance 
R l = 3.3 Kft 


DEVICE OPERATION 

The Mode Selection table lists 27C1 00 operating modes. Read Mode requires a single 5V power supply. All 
inputs, except Vcc and Vpp, and Ag during int e ligent Identifier™ Mode, are TTL or CMOS. 


Table 1. Mode Selection 


Mode 

Notes 



PGM 

A 9 

Ao 

Vpp 

Vcc 

Outputs 

Read 

1 


| | 

X 

X 

X 



iKS!i9 




Mil 

mm 

X 

X 


ESI 


Standby 



mm 

mm 

X 

X 


E9 


Program 

2 

VlL 

V|H 

■n 

X 

X 

I 

Vcp 


Program Verify 


V|L 


V|H 

X 

X 

Vpp 

Vcp 

■m 

Program Inhibit 



X 

X 

X 

X 


1 


int e ligent Identifier 
-Manufacturer 
-Device 

2,3 

V|L 

VlL 

X 

VlD 

V|L 

wm 

II 

esh 

V|L 

V|L 

X 

VlD 

VlH 

^01 

EM 

|Q| 


NOTES: 

1. X can be Vil or Vm- 

2. See DC Programming Characteristics for Vcp, Vpp and V|q voltages. 

3. A^-Aq, A 10 -A 16 = V| L . 

4. Sampled, not 100% tested. 

5. Typical limits are at Vcc = 5V, T A = 25°C. 
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Read Mode 

The 27C100 has two control functions; both must be 
enabled to obtain data at the outputs. CE is the pow- 
er control and device select. OE controls the output 
buffers to gate data to the outputs. With addresses 
stable, the address access time (tAcc) equals the 
delay from CE to output (tcE)- Outputs display valid 
data toE after OE’s falling edge, assuming tAcc and 
tcE times are met. 

Vqc must be applied simultaneously or before 
Vpp and removed simultaneously or after Vpp. 


Two Line Output Control 

EPROMs are often used in larger memory arrays. 
Intel provides two control inputs to accommodate 
multiple memory connections. Two-line control pro- 
vides for: 

a) lowest possible memory power dissipation 

b) complete assurance that data bus contention will 
not occur 

To efficiently use these two control inputs, an ad- 
dress decoder should enable CE while OE should be 
conne cted to all memory devices and the system’s 
READ control line. This assures that only selected 
memory devices have active outputs while deselect- 
ed memory devices are in Standby Mode. 


Standby Mode 

Standby Mode substantially reduces Vqc current. 
When CE = Vm, the outputs are in a high imped- 
ance state, independent of OE. 


Program Mode 

Caution: Exceeding 14V on Vpp will permanently 
damage the device. 

Initially, and after each erasure, all EPROM bits are 
in the “1” state. Data is introduced by selectively 
programming “Os” into the desired bit locations. Al- 
though only “Os” are programmed, the data word 
can contain both “Is” and “Os”. Ultraviolet light era- 
sure is the only way io change “Os” Io “Is”. 

Program Mode is entered when Vpp is raised to 
12.75V. Data is introduced by ap plying an 8-b it word 
to the output pins. Pulsing PGM low while CE = V||_ 
and OE = V|h programs that data into the device. 


Program Verify 

A verify should be performed following a program 
operation to determine that bits have been correctly 
programmed with Vcc at 6.25V, a substantial pro- 
gram margin i s ensu red. The verify is performed with 
CE a t V||_ and PGM at Vm- Valid data is available toE 
after OE falls low. 


Program Inhibit 


Program Inhibit Mode allows parallel programming 
of multiple EPROMs with different data. CE-high in- 
hibits programming of non-targeted devices. Except 
for CE, parallel EPROMs may have common inputs. 
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int e ligent Identifier™ Mode 

The int e ligent Identifier Mode will determine an 
EPROM’s manufacturer and device type, allowing 
programming equipment to automatically match a 
device with its proper programming algorithm. 

This mode is activated when a programmer forces 
12V ±0.5V on A 9 . With A 10 -A 16 , CE and 

OE at V|(_, Aq = Vil will present the manufacturer’s 
code and Aq = Vm the device code. This mode 
functions in the 25°C ±5°C ambient temperature 
range required during programming. 


ROM Compatibility 

The 27C100 is compatible with 28-pin mask ROMs 
to provide a reprogrammable memory solution dur- 
ing prototyping and early production. Reference Fig- 
ure 2; design in the 32-pin socket for the 27C100 
EPROM and connect Vcc to pins 1 , 30 and 32. If the 
EPROM is replaced with a MROM, socket pins 1, 2, 
31 and 32 are no longer required. 


SYSTEM CONSIDERATIONS 

EPROM power switching characteristics require 
careful device decoupling. System designers are in- 
terested in 3, supply current issues — standby current 
levels (Isb). active current levels (Ice), and transient 
current peaks produced by falling and rising edges 
of CE. Transient current magnitudes depend on the 
device outputs’ capacitive and inductive loading. 


Two-Line Control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 ju,F ceramic capacitor 
connected between its Vcc and GND. This high fre- 
quency, low inherent-inductance capacitor should 
be placed as close as possible to the device. Addi- 
tionally, for every eight devices, a 4.7 juF electrolytic 
capacitor should be placed at the array’s power sup- 
ply connection between Vcc an d GND. The bulk ca- 
pacitor will overcome voltage slumps caused by PC 
board trace inductances. 


ERASURE CHARACTERISTICS 

Erasure begins when EPROMs are exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain fluorescent lamps have wavelengths in the 
3000-4000A range. Data shows that constant expo- 
sure to room level fluorescent lighting can erase an 
EPROM in approximately 3 years, while it takes ap- 
proximately 1 week when exposed to direct sunlight. 
If the device is exposed to these lighting conditions 
for extended periods, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure js exposure 
to ultraviolet light of wavelength 2537A. The inte- 
grated dose (UV intensity x exposure time) for era- 
sure should be a minimum of 15 Wsec/cm 2 . Erasure 
time is approximately 15 to 20 minutes using an ul- 
traviolet lamp with a 12000 jutW/cm 2 power rating. 
The EPROM should be placed within 1 inch of the 
lamp tubes. An EPROM can be permanently dam- 
aged if the integrated dose exceeds 7258 Wsec/ 
cm 2 (1 week @ 12000 jmW/cm 2 ). 
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Figure 3. Quick-Pulse Programming Algorithm 


Quick-Pulse Programming Algorithm 

The Quick-Pulse programming algorithm programs 
Intel’s 27C100. Developed to substantially reduce 
programming throughput, this algorithm can program 
the 27C100 as fast as 15 seconds. Actual program- 
ming time depends on programmer overhead. 


The Quick-Pulse programming algorithm employs a 
100 jits pulse followed by a byte verification to deter- 
mine when the addressed byte has been successful- 
ly programmed. The algorithm terminates if 25 at- 
tempts fail to program a byte. 

The entire program-pulse/byte verify sequence is 
performed with Vpp = 12.75V and Vcc = 6.25V. 
When programming is complete, all bytes are com- 
pared to the original data with Vqq = Vpp = 5.0V. 
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DC PROGRAMMING CHARACTERISTICS t a = 25°C ±5°C 








Unit 

Test Condition 

warn 





D 

jjlA 

V|N = V||_ or V|H 

mm 

Vcc Program Current 

1 



El 

mA 

CE = PGM = V| L 

i P p 

Vpp Program Current 

1 



50 



V|L 

Input Low Voltage 


-0.1 


E 9 



V|H 

Input High Voltage 


MM 



V 


VOL 

Output Low Voltage (Verify) 




0.45 

V 

Iol = 2.1 mA 

VoH 

Output High Voltage (Verify) 


3.5 



V 

Iqh = ~ 2.5 mA 

V|D 

Ag int e ligent Identifier Voltage 


11.5 

12.0 

12.5 

V 


Vpp 

Vpp Program Voltage 

2,3 

12.5 

12.75 

13.0 

V 


Vcp 

Vcc Supply Voltage (Program) 

_ 2 _ 

6.0 

6.25 

6.5 

V 



AC PROGRAMMING CHARACTERISTICS**) t a = 25 C ±5°c 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

tvcs 

Vcp Setup Time 

2 

2 



JLLS 

typs 

Vpp Setup Time 

2 

2 



JUS 

*CES 

CE Setup Time 


2 



/X S 

*AS 

Address Setup Time 


2 



flS 

*DS 

Data Setup Time 


2 



}XS 

tp W 

PGM Program Pulse Width 


95 

100 

105 

fXS 

tDH 

Data Hold Time 


2 



jJLS 

tOES 

OE Setup Time 


2 



JtxS 

tQE 

Data Valid from OE 

5 



150 

ns 

tOFP 

OE High to Output High Z 

5,6 

0 


130 

ns 

tAH 

Address Hold Time 


0 



jms 


NOTES: 

1. Maximum current is with outputs O0-O7 unloaded. 

2. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

3. When programming, a 0.1 ju,F capacitor is required between Vpp and GND to suppress spurious voltage transients, which 
can damage the device. 

4. See AC Ipput/Output Reference Waveform for timing measurements. 

5. tQE and tpFP are device characteristics but must be accommodated by the programmer. 

6. Sampled, not 1Q0% tested. 
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27C020 

2M (256K x 8) CHMOS EPROM 


■ JEDEC Approved EPROM Pinouts 
— 32-Pin DIP, 32-Pin PLCC 

— - Simple Upgrade from Lower 
Densities 

■ Complete Upgrade Capability to Higher 
Densities 

■ Versatile EPROM Features 

— CMOS and TTL Compatibility 
— Two Line Control 


■ Fast Programming 

— Quick-Pulse ProgrammingTM 
Algorithm 

— Programming Time as Fast as 30 
Seconds 

■ High-Performance 

— 150 ns, ±10% V C c 

— 30 mA Ice Active 

■ Surface Mount Packaging Available 
— Smallest 1 Mbit Footprint in SMT 


Intel’s 27C020 is a 5V-only, 2,097,152-bit Erasable Programmable Read Only Memory, organized as 262,144 
words of 8 bits each. It is pin compatible with lower density DIP EPROMs (JEDEC) and provides for simple 
upgrades to 8 Mbits in the future in both DIP and PLCC. 


The 27C020 represents state-of-the-art 1 micron CMOS manufacturing technology while providing unequaled 
performance. Its 1 50 ns speed (tAcc) offers no-wait-state operation with high performance CPUs in applica- 
tions ranging from numerical control to office automation to telecommunications. 


Intel offers two DIP profile options to meet your prototyping and production needs. The windowed ceramic DIP 
(CERDIP) package provides erasability and reprogrammability for prototyping and early production. Once the 
design is in full production, the plastic DIP (PDIP) one-time programmable part provides a lower cost alterna- 
tive that is well adapted for auto insertion. 


In addition to the JEDEC 32-lead DIP package, Intel also offers a 32-lead PLCC version of the 27C020. This 
one-time-programmable surface mount device is ideal where board space consumption is a major concern or 
where surface mount manufacturing technology is being implemented across an entire production line. 

The 27C020 is equally at home in both a TTL or CMOS environment. It programs as fast as 30 seconds using 
Intel’s industry leading Quick-Pulse Programming algorithm. 


DATA OUTPUTS 
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Figure 1. Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* 


Operating Temperature 

0’Cto70°C(D 

Temperature Under Bias 

- 1 0°C to 80° C 

Storage Temperature 

— 65°C to 125°C 

Voltage on Any Pin 

(except Ag, Vcc and Vpp) 
with Respect to GND 

... — 0.6V to 6.5V< 2 ) 

Voltage on Ag with 

Respect to GND 

. . —0.6V to 13.0V(2) 

Vpp Program Voltage 

with Respect to GND 

—0.6V to 14V(2) 

Vcc Supply Voltage 
with Respect to GND 

. . . —0.6V to 7.0V( 2 ) 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 

* WARNING: Stressing the device beyond the “ Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


READ OPERATION DC CHARACTERISTICS v cc = 5.0V ±10% 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

'Ll 

Input Load Current 

7 


0.01 

1.0 

julA 

V|n = 0V to 5.5V 

•lo 

Output Leakage Current 




±10 


V 0 UT = 0V to 5.5V 

•SB 

Vcc Standby Current 



■ 

1.0 


CE = V,H 

100 

jxA 

CE = V C c ±0.2V 

lec 

Vcc Operating Current 

3 



30 



Ipp 

Vpp Operating Current 

3 



10 


Vpp = V C c 

•os 


BP 




mA 


V|L 

Input Low Voltage 


-0.5 


0.8 

D 


V|H 

Input High Voltage 


2.0 



D 


V 0 L 

Output Low Voltage 





D 

Iql = 2.1 mA 

VoH 

Output High Voltage 


2.4 



V 

Iqh = “400 jaA 

Vpp 

Vpp Operating Voltage 

5 

<? 

0 

1 

0 

<4 


Vcc 

V 



NOTES: 

1 . Operating temperature is for commercial product defined by this specification. 

2. Minimum DC input voltage is -0.5 V on input/output pins. During transitions, this level may undershoot to -2.0 V for 
periods <20 ns. Maximum DC voltage on input/output pins is Vcc + 0.5 V which, during transitions, may overshoot to Vcc 
+ 2.0V for periods <20 ns. 

3. Maximum active power usage is the sum Ipp + Ice- Maximum current is with outputs Oo to O 7 unloaded. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 

5. Vpp may be connected directly to Vcc, or ma y be one diode voltage drop below Vcc- V CC must be applied simultaneously 
or before Vpp and removed simultaneously or after Vpp. 

6 . Sampled, not 100% tested. 

7. Typical limits are at Vcc = 5V, Ta = 25°C. 
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READ OPERATION AC CHARACTERISTICS^) V cc = 5.0V ±10% 


Versions( 4 ) 

Vcc ±10% 

27C020-150V10 

27C020-200V10 
P27C020-200 V 1 0 
N27C020-200V10 

Unit 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

*ACC 

Address to Output Delay 



150 


200 

ns 

*CE 

CE to Output Delay 

2 


150 


200 

ns 

*OE 

OE to Output Delay 

2 


60 


70 

ns 

*DF 

OE High to Output High Z 

3 


50 


60 

ns 

tQH 

Output Hold from 

Addresses, CE or OE 
Change-Whichever is First 

3 

0 


0 


ns 


NOTES: 

1. See AC Input/Output Reference Waveform for timing measurements. 

2. OE may be delayed up to tcE-toE after the falling edge of CE without impact on toE- 

3. Sampled, not 100% tested. 

4. Model number prefixes: No Prefix = CERDIP, P = PDIP, N = PLCC. 
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CAPAC 

ITANCE(I) T a = 25°C, f = 1MHz 

Symbol 

Parameter 

Typ<2> 

Max 

Unit 

Conditions 

C|N 

Input Capacitance 

4 

8 

PF 

> 

o 

II 

z 

> 

Gout 

Output Capacitance 

8 

12 

PF 

V OUT = 0V 

Cvpp 

Vpp Capacitance 

18 

25 

PF 

Vpp = OV 


NOTES: 

1. Sampled, not 100% tested. 

2. Typical values are for Ta = 25°C and nominal supply voltages. 


AC INPUT/OUTPUT REFERENCE WAVEFORM 



290226-4 


AC testing inputs are driven at Voh (2.4 Vttl) f° r a logic "1” and 
Vol (0.45 v ttl) f° r a logic “0”. Input timing begins at Vm (2.0 
Vttl) and V|L (°- 8 ^m)- Output timing ends at Vm and V||_. Input 
rise and fall times (10% to 90%) ^10 ns. 


AC TESTING LOAD CIRCUIT 


1.3V 



C L = 100 pF 290226-5 

Cl Includes Jig Capacitance 
R l = 3.3 KH 


AC WAVEFORMS 



290226-6 
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DEVICE OPERATION 

The Mode Selection table lists 27C020 operating modes. Read Mode requires a single 5V power supply. All 
inputs, except Vcc and Vpp, and Ag during int e ligent Identifier Mode, are TTL or CMOS. 


Table 1. Mode Selection 


Mode 

Notes 

CE 

OE 

PGM 

A 9 

Ao 

Vpp 

Vcc 

Outputs 

Read 

1 

V|L 

VlL 

X 

X 

X 

Vcc 

Vcc 

d OUT 

Output Disable 


V|L 

V|H 

\/ 

/\ 

V/ 

/\ 

V 

✓\ 

Vcc 

Vcc 

High 2 

Standby 


V|H 

X 

X 

X 

X 

Vcc 

Vcc 

High Z 

Program 

2 

VlL 

V|H 

V|L 

X 

X 

Vpp 

Vcp 

Din 

Program Verify 


V|L 

V|L 

V|H 

X 

X 

Vpp 

Vcp 

d out 

Program Inhibit 


V|H 

X 

X 

X 

X 

Vpp 

Vcp 

High Z 

int e ligent 

Identifier 

Manufacturer 

2,3 

V|L 

VlL 

X 

V|D 

VlL 

Vcc 

Vcc 

89 H 

Device 

V|L 

VlL 

X 

V|D 

V|H 

Vcc 

Vcc 

34 H 


NOTES: 

1. X can be V||_ or Vih 

2. See DC Programming Characteristics for Vcp, Vpp, and V|q voltages. 

3. A-|-A 8i A-iq-A-17 = V|l 


Read Mode 

The 27C020 has two control functions; both must be 
enabled to obtain data at the outputs. CE is the pow- 
er control and device select. OE controls the output 
buffers to gate data to the outputs. With addresses 
stable, the address access time (tAcc) equals the 
delay from CE to output (tcE)- Outputs display valid 
data tQE aft er OE’s falling edge, assuming tAcc and 
tcE times are met. 

Vqc must be applied simultaneously or before 
Vpp and removed simultaneously or after Vpp. 


Two Line Output Control 

EPROMs are often used in larger memory arrays. 
Intel provides two control inputs to accommodate 
multiple memory connections. Two-line control pro- 
vides for: 


a) lowest possible memory power dissipation 

b) complete assurance that data bus contention will 
not occur 


To efficiently use these two control inputs, an ad- 
dress decoder should enable CE, while OE should 
be co nnecte d to all memory devices and the sys- 
tem’s READ control line. This assures that only se- 
lected memory devices have active outputs while 
deselected memory devices are in Standby Mode. 



Standby Mode 

Standby Mode substantially reduces Vcc current. 
When CE = Vih the outputs are in a high imped- 
ance state, independent of OE. 
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Program Mode 

Caution: Exceeding 14V on Vpp will permanently 
damage the device. 

Initially, and after each erasure, all EPROM bits are 
in the “1” state. Data is introduced by selectively 
programming “Os” into the desired bit locations. Al- 
though only “Os” are programmed, the data word 
can contain both “Is” and “Os”. Ultraviolet light era- 
sure is the only way to change “Os” to “Is”. 

Program mode is entered when Vpp is raised to 
12.75V. Data is introduced by ap plying an 84^ word 
to the output pins. Pulsing PGM low while CE = Vn_ 
and OE = Vm programs that data into the device. 


Program Verify 

A verify should be performed following a program 
operation to determine that bits have been correctly 
programmed. With Vcc at 6.25V, a substantial pro- 
gram margin i s ensu red. The verify is performed with 
CE at Vil and PGM at Vm- Valid data is available tQE 
after OE falls low. 


Program Inhibit 

Program Inhibit Mode allows parallel programming 
of multiple EPROMs with different data. CE-high in- 
hibits programming of non-targeted devices. Except 
for CE, parallel EPROMs may have common inputs. 


int e ligent Identifier™ Mode 

The int e ligent Identifier Mode will determine an 
EPROM’s manufacturer and device type, allowing 
programming equipment to automatically match a 
device with its proper programming algorithm. 

This mode is activated when a programmer forces 
12V ±0.5V on A 9 . With CE, OE, A-|-A 8 , and A 10 - 
A17 at V||_, Aq = V, L will present the manufacturer 
code and Aq = Vm the device code. This mode 
functions in the 25°C ±5°C ambient temperature 
range required during programming. 


UPGRADE PATH 

Future upgrade to 4-Mbit and 8-Mbit densities are 
easily accomplished due to the standardized pin 
configuration of the 27 CQ20. When the 27C020 is in 
Read Mode, the PGM input becomes non-functional. 
This allows address line Aiq to be routed directly to 


to this input in anticipation of future density up- 
grades. A jumper between Vqc and A-jg allows fur- 
ther upgrade using the Vpp pin. Systems designed 
for 2-Mbit program memories today can be upgrad- 
ed to higher densities (4-Mbit and 8-Mbit) in the fu- 
ture with no circuit board changes. 


SYSTEM CONSIDERATIONS 

EPROM power switching characteristics require 
careful device decoupling. System designers are in- 
terested in 3 supply current issues: standby current 
levels (Isb). active current levels (Iqq), and transient 
current peaks produced by falling and rising edges 
of CE. Transient current magnitudes depend on the 
device output’s capacitive and inductive loading. 
Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 julF ceramic capacitor 
connected between its Vqc and GND. This high fre- 
quency, low inherent-inductance capacitor should 
be placed as close as possible to the device. Addi- 
tionally, for every 8 devices, a 4.7 jllF electrolytic 
capacitor should be placed at the array’s power sup- 
ply connection between Vcc and GND. The bulk ca- 
pacitor will overcome voltage slumps caused by PC 
board inductances. 


ERASURE CHARACTERISTICS 

Erasure begins when EPROMs are exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain fluorescent lamps have wavelengths in the 
3000A-4000A range. Data shows that constant ex- 
posure to room level fluorescent lighting can erase 
an EPROM in approximately 3 years, while it takes 
approximately 1 week when exposed to direct sun- 
light. If the device is exposed to these lighting condi- 
tions for extended periods, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure is exposure 
to ultraviolet light of wavelength 2537A. The inte- 
grated dose (UV intensity x exposure time) for era- 
sure should be a minimum of 1 5 Wsec/cm 2 . Erasure 
time is approximately 1 5 to 20 minutes using an ul- 
traviolet lamp with a 12000 jnW/cm 2 power rating. 
The EPROM should be placed within 1 inch of the 
lamp tubes. An EPROM can be permanently dam- 
aged if the integrated dose exceeds 7258 Wsec/ 
cm 2 (1 week @ 1 2000 jutW/cm 2 ). 
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ADDRESS = FIRST LOCATION 



PROGRAM ONE 100>xs PULSE 


FAIL^X VERIFY^ 
V. ONE BYTE . 


VERIFY 

_ BYTE X 


INCREMENT 

ADDRESS 


, LAST^N 

t ~V. ADDRESS?. 


V rr = V pp = 5.0V 


XCOM PARE^s 
ALL BYTES TO 
s. ORIGINAL ^ 
DATA 


Figure 4. Quick-Pulse ProgrammingTM Algorithm 


Quick-Pulse Programming™ Algorithm 

The Quick-Pulse programming algorithm programs 
Intel’s 27C020. Developed to substantially reduce 
programming throughput, this algorithm can program 
the 27C020 as fast as 30 seconds. Actual program- 
ming time depends on programmer overhead. 


The Quick-Pulse programming algorithm employs a 
100 jas pulse followed by a byte verification to deter- 
mine when the addressed byte has been successful- 
ly programmed. The algorithm terminates if 25 at- 
tempts fail to program a byte. 

The entire program pulse/byte verify sequence is 
performed with Vpp = 12.75V and Vqc = 6.25V. 
When programming is complete, all bytes are com- 
pared to the original data with Vqc = Vpp = 5.0V. 
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DC PROGRAMMING CHARACTERISTICS T A = 25°C ±5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

Ili 

Input Load Current 




1 

jaA 

V|N = V| L orV| H 

Icp 

Vcc Program Current 

1 



40 

mA 

CE = PGM = V iL 

Ipp 

Vpp Program Current 

1 



50 

mA 

CE = PGM = V| L 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 


V|H 

Input High Voltage 


2.4 


6.5 

V 


V 0 L 

Output Low Voltage (Verify) 




0.45 

V 

Iol = 2.1 mA 

V 0 H 

Output High Voltage (Verify) 


3.5 



V 

Iqh = “2.5 mA 

V|D 

Ag int e ligent Identifier Voltage 


11.5 

12.0 

12.5 

V 


Vpp 

Vpp Program Voltage 

2,3 

12.5 

12.75 

13.0 



Vcp 

Vcc Supply Voltage (Program) 

2 

6.0 

6.25 

6.5 

V 



AC PROGRAMMING CHARACTERIS1 

ncs( 4 ) T a = 25°c + 5°C 

Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Wes 

Vcc Setup Time 

2 

2 



ju,S 

Wps 

Vpp Setup Time 

2 

2 



jus 

tCES 

CE Setup Time 


2 



jU,S 

tAS 

Address Setup Time 


2 



JUS 

*ds 

Data Setup Time 


2 



jus 

tpw 

PGM Program Pulse Width 


95 

100 

105 

fXS 

tDH 

Data Hold Time 


2 



JUS 

tOES 

OE Setup Time 


2 



JUS 

*OE 

Data Valid from OE 

5 



150 

ns 

tDFP 

OE High to Output High Z 

5,6 

0 


130 

ns 

*AH 

Address Hold Time 


0 



JLtS 


NOTES: 

1 . Maximum current is with outputs O 0 -O 7 unloaded. 

2. Vqp must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

3. When programming, a 0.1 juF capacitor is required across Vpp and GND to suppress spurious voltage transients which 
can damage the device. 

4. See AC Input/Output Reference Waveform for timing measurements. 

5. tQE and toFP are device characteristics but must be accommodated by the programmer. 

6 . Sampled, not 100 % tested. 
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27C040 

4M (512K x 8) CHMOS EPROM 

■ JEDEC Approved EPROM Pinout ■ 

-32-Pin DIP 

— Simple Upgrade from Lower 
Densities 

■ Easy Upgrade Capability to 8 Mbit 

Density ■ 

■ Versatile EPROM Features 

— CMOS and TTL Compatibility 

— Two Line Control 

The Intel 27C040 is a 5V-only, 4, 194, 304-bit Erasable Programmable Read Only Memory, organized as 
524,288 words of 8 bits each. It is pin compatible with lower density DIP EPROMs (JEDEC) and provides for 
simple upgrade to 8 Mbits in the future. 

The 27C040 represents state-of-the-art 1 micron CMOS manufacturing technology while providing unequaled 
performance. Its 150 ns speed Oacc) offers no-wait-state operation with high performance CPUs in applica- 
tions ranging from numerical control to office automation to telecommunications. 

The 27C040 is equally at home in both a TTL or CMOS environment. It programs as fast as 60 seconds using 
Intel’s industry leading Quick-Pulse Programming algorithm. 


Fast Programming 

— Quick-Pulse ProgrammingTM 
Algorithm 

— Programming Time as Fast as 60 
Seconds 

High-Performance 

— 150 ns, ±10% V C c 

— 50 mA Ice Active 


inteT 


DATA OUTPUTS 

V cc o — ► O 0 -O 7 



290239-1 


Figure 1. Block Diagram 
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Pin Names 


A 0“ A 19 

ADDRESSES 

Ce 

CHIP ENABLE . 

OE 

OUTPUT ENABLE 

FSm 

PROGRAM 

O 0 -O 7 

OUTPUTS 

NC 

NO INTERNAL CONNECT 


8Mbit 

2Mbit 

1Mbit 

512K 

256K 


AfV/UnU 


256K 

512K 

1Mbit 

2Mbit 

8Mbit 

A 19 

Vp P 

V P p 



VppC 

1 

32 

□ Vcc 



Vcc 

Vcc 

Vcc 

A 16 

Ai6 

A-16 



A 16 C 

2 

31 

0 A 1 8 



PGM 

PGM 

A 18 

AlS 

A15 

Ais 

Ais 

Vp P 

a i 5 C 

3 

30 

□ A 1 7 

Vcc 

Vcc 

NC 

Ai 7 

Al 7 

Al2 

Ai 2 

Ai 2 

Ai 2 

Ai 2 

A12C 

4 

29 

0 A 14 

Al 4 

Ai 4 

Ai 4 

Ai 4 

Al 4 

A? 

a 7 

a 7 

a 7 

a 7 

a 7 C 

5 

28 

3 A 13 

Ai 3 

a i 3 

Ai 3 

Ai 3 

a i 3 

A6 

a 6 

A 6 

A6 

As 

a 6 C 

6 

27 

□ A 8 

As 

A 8 

A 8 

As 

As 

a 5 

As 

As 

As 

As 

A5C 

7 

26 

□ A 9 

A9 

Ag 

Ag 

Ag 

Ag 

a 4 

a 4 

a 4 

a 4 

a 4 

a 4 C 

8 

25 

□ A 11 

An 

All 

An 

An 

An 

a 3 

a 3 

a 3 

a 3 

a 3 

a 3 C 

9 

24 

□ OE 

OE 

OE/Vpp 

OE 

OE 

5 E/V PP 

a 2 

a 2 

a 2 

a 2 

a 2 

a 2 C 

10 

23 

□ A 10 

A10 

A10 

A10 

A10 

A10 

Ai 

Ai 

Ai 

Ai 

Ai 

a iC 

11 

22 

□ CE 

CE 

CE 

CE 

CE 

CE 

Ao 

Ao 

Ao 

Ao 

Ao 

A oC 

12 

21 

□0 7 

o 7 

o 7 

o 7 

o 7 

o 7 

O 0 

O 0 

O 0 

Oo 

O 0 

0 0 C 

13 

20 

□ o 6 

0 6 

Os 

0 6 

0 6 

0 6 

Oi 

Oi 

Oi 

Oi 

Oi 

OiC 

14 

19 

0 0 5 

0 5 

Os 

0 5 

0 5 

0 5 

0 2 

0 2 

0 2 

o 2 

o 2 

° 2 c 

15 

18 

□ o 4 

o 4 

0 4 

o 4 

o 4 

o 4 

GND 

GND 

GND 

GND 

GND 

GND C 

16 

17 

□ 0 3 

o 3 

0 3 

o 3 

o 3 

°3 


290239-2 


Figure 2. DIP Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 0°C to 70°C( 1 ) 

Temperature Under Bias - 10°C to 80°C 

Storage Temperature - 65°C to 1 25°C 

Voltage on Any Pin 
(except Ag, V<x and Vpp) 
with Respect to GND -0.6V to 6.5V( 2 ) 

Voltage on Ag with 

Respect to GND -0.6V to 13.0V(2) 

Vpp Supply Voltage with 

Respect to GND -0.6V to 14V(2) 

Vcc Supply Voltage with 

Respect to GND -0.6V to 7.0V(2) 


NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. 

* WARNING: Stressing the device beyond the "Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
"Operating Conditions ’’ is not recommended and ex- 
tended exposure beyond the "Operating Conditions ” 
may affect device reliability. 


READ OPERATION DC CHARACTERISTICS V cc = 5.ov ± 10 % 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

Ili 

Input Load Current 

7 


0.01 

1.0 

JU.A 

V| N = 0V to 5.5V 

•lo 

Output Leakage Current 




±10 

jttA 

V 0 UT = 0V to 5.5V 

•SB 

Vcc Standby Current 




1.0 

mA 

X 

> 

It 

B 

100 

jaA 

CE = V C c ±0.2V 

Icc 

Vcc Operating Current 

3 



50 

mA 

ce = v il 

f = 5 MHz, Iqut = 0 mA 

Ipp 

Vpp Operating Current 

3 



10 

jaA 

Vpp = V C c 

los 

Output Short Circuit Current 

4,6 



100 

mA 


V|L 

Input Low Voltage 


-0.5 


0.8 

V 


V, H 

Input High Voltage 


2.0 


V CC + 0.5 

V 


VOL 

Output Low Voltage 




0.45 

V 

Iql = 2.1 mA 

VOH 

Output High Voltage 


2.4 



V 

Iqh = -400 jaA 

Vpp 

Vpp Operating Voltage 

5 

V CC “ 0.7 


Vcc 

V 



NOTES: 

1. Operating temperature is for commercial product defined by this specification. 

2. Minimum DC voltage is -0.5 V on input/output pins. During transitions, this level may undershoot to -2.0 V for 
periods < 20 ns. Maximum DC voltage on input/output pins is Vcc + 0.5V which, during transitions, may overshoot to Vcc 
+ 2.0V for periods < 20 ns. 

3. Maximum active power usage is the sum Ipp + Ice- Maximum current is with outputs Oo to O7 unloaded. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 

5. Vpp may be connected directly to Vcc, or may be one diode voltage drop below Vcc- Vcc must be applied simultaneously 
or before Vpp and removed simultaneously or after Vpp. 

6. Sampled, not 100% tested. 

7. Typical limits are at Vcc = 5V, Ta = 25°C. 
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READ OPERATION AC CHARACTERISTICS^) V cc - 5.0V ±10% 


Versions( 4 ) 

v cc ±10% 

27C040-150V10 

27C040-200V10 

Units 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 


Iacc 

Address to Output Delay 



150 


200 

ns 

tCE 

CE to Output Delay 

2 


150 


200 

ns 

lOE 

OE to Output Delay 

2 


60 


70 

ns 

'Dr 

7Sc ,4.u:~u -7 

. ..y.. ..w ' My. ■ <- 

0 

O 


50 


60 

ns 

tOH 

Output Hold from Addresses, CE or 
OE Change-Whichever is First 

3 

0 


0 


ns 


NOTES: 

1. See AC Input/Output Reference, Waveform for timing measurements. 

2. OE may be delayed up to tcE-toE after the falling edge of CE without impact on tcE- 

3. Sampled, not 100% tested. 

4. Model number prefixes: No prefix = CERDIP. 

5. Typical values are for Ta = 25°C and nominal supply voltages. 


CAPACITANCE^) t a = 25°C, f = 1MHz 


Symbol 

Parameter 

Typ( 5 ) 

Max 

Unit 

Conditions 

C|N 

Input Capacitance 

4 

8 

pF 

V 1N = 0V 

C OUT 

Output Capacitance 

8 

12 

pF 

VqUT = ov 

C V pp 

Vpp Capacitance 

18 

25 

PF 

> 

0 

II 

CL 

CL 

> 


AC INPUT/OUTPUT REFERENCE WAVEFORM 


INPU1 



\f 2.0 11 

■ X TEST POINTS < 

37 20 ° utput 

0.45 

A°l< H 



290239-3 


AC test inputs are driven at Vqh (2.4 V-m_) for a logic “1” and 
Vql (0.45 Vjjl) for a logic “0”. Input tinning begins at Vih 
(2.0 Vtjl) and Vn_ (0.8 Vttl)- Output timing ends at Vm and V|l- 
Input rise and fall times (10% to 90%) ^ 10 ns. 


AC TESTING LOAD CIRCUIT 


1.3V 



C L = 100 pF 290239-4 

Cl Includes Jig Capacitance 
R l = 3.3 Kft 
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DEVICE OPERATION 

The Mode Selection table lists 27C040 operating modes. Read Mode requires a single 5V power supply. All 
inputs, except Vcc and Vpp, and Ag during int e ligent Identifier Mode, are TTL or CMOS. 


Table 1. Mode Selection 


Mode 

Notes 

CE 

OE 

a 9 

Ao 

Vpp 

Vcc 

Outputs 

Read 

1 

V|L 

V|L 

X 

X 

Vcc 

Vcc 

°OUT 

Output Disable 


V|L 

V|H 

X 

X 

Vcc 

Vcc 

High Z 

Standby 


V|H 

X 

X 

X 

Vcc 

Vcc 

High Z 

Program 

2 


II 





Din 

Program Verify 



1 


X 



■ 

Program Inhibit 



1 


X 


Vcp 


int e ligent 

Identifier 

Manufacturer 

2,3 

V|L 



V|L 

Vcc 

Vcc 

89 H 

Device 

V|L 






3D H 


NOTES: 

1. X can be Vil or Vm 

2. See DC Programming Characteristics for Vcp, Vpp and V|q voltages. 

3. Ai-A 8 , A-io-A-is = V| L 
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Read Mode 

The 27C040 has two control functions; both must be 
enabled to obtain data at the outputs. CE is the pow- 
er control and device select. OE controls the output 
buffers to gate data to the outputs. With addresses 
stable, the address access time (tAcc) equals the 
delay from CE to output (tcE)- Outputs display valid 
data toE after OE’s falling edge, assuming tAcc and 
tcE times are met. 

Vcc must be applied simultaneously or before 
Vpp and removed simultaneously or after Vpp. 


Two Line Output Control 

EPROMs are often used in larger memory arrays. 
Intel provides two control inputs to accommodate 
multiple memory connections. Two-line control pro- 
vides for: 

a) lowest possible memory power dissipation 

b) complete assurance that data bus contention will 
not occur 

To efficiently use these two control inputs, and ad- 
dress decoder should enable CE, while OE should 
be co nnecte d to all memory devices and the sys- 
tem’s READ control line. This assures that only se- 
lected memory devices have active outputs while 
deselected memory devices are in Standby Mode. 


Standby Mode 

Standby Mode substantially reduces Vcc current. 
When CE = Vm, the outputs are in a high imped- 
ance state, independent of OE. 


Program Mode 

Caution: Exceeding 14V on Vpp will permanently 
damage the device. 

Initially, and after each erasure, all EPROM bits are 
in the “1” state. Data is introduced by selectively 
programming “Os” into the desired bit locations. Al- 
though only “Os” are programmed, the data word 
can contain both “Is” and “Os”. Ultraviolet light era- 
sure is the only way to change “Os” to “Is”. 


Program Mode is entered when Vpp is raised to 
1 2.75V. Data is introduced by applying an 8-bit word 
to the output pins. Pulsing CE low while OE = Vm 
programs that data into the device. 


Program Verify 

A verify should be performed following a program 
operation to determine that bits have been correctly 
pi uyiai Mined. With Vcc ai 6.25V a SuuSlanliai piu- 
gram margain is ensured. The verify is performed 
with CE at Vm* Valid data is available toE after OE 
falls low. 


Program Inhibit 

Program Inhibit Mode allows parallel programming 
of multiple EPROMs with different data. CE-high in- 
hibits programming of non-targeted devices. Except 
for CE and OE, parallel EPROMs may have common 
inputs. 


int e ligent Identifier - ™ Mode 

The int e ligent Identifier Mode will determine an 
EPROM’s manufacturer and device type, allowing 
programming equipment to automatically match a 
device with its proper programming algorithm. 

This mode is activated when a programmer forces 
12V ±0.5V on A 9 . With CE, OE, A-, -A 8 , and A 10 - 
Ai8 at V|i_, Aq = V||_ will present the manufacturer 
code and Ao = V^ the device code. This mode 
functions in the 25°C ±5°C ambient temperature 
range required during programming. 


UPGRADE PATH 

Future upgrade to the 8 Mbit density is easily ac- 
complished due To the standardized pin configura- 
tion of the 27C040. A jumper between Vcc and A-|g 
allows upgrade using the Vpp pin. Systems designed 
for 4 Mbit program memories today can be upgraded 
to 8 Mbit in the future with no circuit board changes. 


27C040 
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SYSTEM CONSIDERATIONS 

EPROM power switching characteristics require 
careful device decoupling. System designers are in- 
terested in 3 supply current issues: standby current 
levels (Isb). active current levels (Ice). ancl transient 
current peaks produced by falling and rising edges 
of CE. Transient current magnitudes depend on the 
device output’s capacitive and inductive loading. 
Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 julF ceramic capacitor 
connected between its Vcc and GND. This high fre- 
quency, low inherent-inductance capacitor should 
be placed as close as possible to the device. Addi- 
tionally, for every 8 devices, a 4.7 jutF electrolytic 
capacitor should be placed at the array’s power sup- 
ply connection between Vcc and GND. The bulk ca- 
pacitor will overcome voltage slumps caused by PC 
board trace inductances. 

ERASURE CHARACTERISTICS 

Erasure begins when EPROMs are exposed to light 
with wavelengths shorter than approximately 4000 


Angstroms (A). It should be noted that sunlight and 
certain fluorescent lamps have wavelengths in the 
3000-4000A range. Data shows that constant expo- 
sure to room level fluorescent lighting can erase an 
EPROM in approximately 3 years, while it takes ap- 
proximately 1 week when exposed to direct sunlight. 
If the device is exposed to these lighting conditions 
for extended periods, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure is exposure 
to ultraviolet light of wavelength 2537A. The inte- 
grated dose (UV intensity X exposure time) for era- 
sure should be a minimum of 15 Wsec/cm 2 . Erasure 
time is approximately 15 to 20 minutes using an ul- 
traviolet lamp with a 12000 jaW/cm 2 power rating. 
The EPROM should be placed within 1 inch of the 
lamp tubes. An EPROM can be perma- 
nently damaged if the integrated dose exceeds 
7258 Wsec/cm 2 (1 week @ 12000 jaW/cm 2 ). 
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Figure 3. Quick-Pulse Programming Algorithm 


Quick-Pulse Programming™ Algorithm 

The Quick-Pulse Programming Algorithm programs 
Intel’s 27C040. Developed to substantially reduce 
programming throughput, this algorithm can program 
the 27C040 as fast as 60 seconds. Actual program- 
ming time depends on programmer overhead. 

The Quick-Pulse Programming Algorithm employs a 
100 jits pulse followed by a byte verification to deter- 


mine when the addressed byte has been successful- 
ly programmed. The algorithm terminates if 25 at- 
tempts fail to program a byte. 

The entire program pulse/byte verify sequence is 
performed with Vpp = 12.75V and Vqc = 6.25V. 
When programming is complete, all bytes are com- 
pared to the original data with Vqc = Vpp = 5.0V. 
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DC PROGRAMMING CHARACTERISTICS t a = 25°C ±5*C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

Ili 

Input Load Current 




1 


bipbwwi 

>CP 

Vcc Program Current 

1 



50 

mA 

EBMEE 

Ipp 

Vpp Program Current 

1 



SHI 

mA 

HB9H 

Vil 

Input Low Voltage 


-0.1 



V 


V|H 

Input High Voltage 


2.4 


ESI 

V 


VOL 

Output Low Voltage (Verify) 




0.45 

V 

Iql ~ 2.1 mA 


Output High Voltage (Verify) 


3.5 






Ag int e ligent Identifier Voltage 





V 





12.5 

12.75 

13.0 

V 


Vcp 


2 

6.0 

6.25 

6.5 

V 



AC PROGRAMMING CHARACTERISTICS^) t a - 25°C ±5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

tvcs 

Vcp Setup Time 

2 

2 



JUS 

Wps 

Vpp Setup Time 

2 

2 



JLlS 

*AS 

Address Setup Time 


2 



fJbS 

*DS 

Data Setup Time 


2 



fXS 

tpw 

CE Program Pulse Width 


95 

100 

105 

fXS 

*DH 

Data Hold Time 


2 



JXS 

*OES 

OE Setup Time 


2 



JUS 

tOE 

Data Valid from OE 

5 



150 

ns 

tDFP 

OE High to Output High Z 

5,6 

0 


130 

ns 

<AH 

Address Hold Time 


0 



jms 


NOTES: 

1 . Maximum current is with outputs O0-O7 unloaded. 

2. Vcp must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

3. When programming, a 0.1 julF capacitor is required across Vpp and ground to suppress spurious voltage transients which 
can damage the device. 

4. See AC Input/Output Reference Waveform for timing measurements. 

5. tQE and toFP are device characteristics but must be accommodated by the programmer. 

6. Sampled, not 100% tested. 
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REVISION HISTORY 


Number 

Description 

02 

Revised general datasheet structure, text to improve clarity. 

Combined TTL/NMOS and CMOS Read Operation DC Characteristics Tables. 

Mode Selection table-Program Inhibit-OE revised from X to V|h- 
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27C210 

1M (64K x 16) CHMOS EPROM 

■ JEDEC Approved EPROM Pinouts ■ 

-40-Pin DIP 

— 44-Pin PLCC 

■ Complete Upgrade to Higher Densities ■ 

■ Versatile EPROM Features 

— CMOS and TTL Compatibility 

— Two Line Control 

Intel’s 27C210 is a 5V only, 1,048,576-bit Erasable Programmable Read Only Memory, organized as 65,536 
words of 16 bits each. Its standard pinouts provide for simple upgrades to 4 Mbits in the future. 

The 27C210 represents state-of-the-art 1 micron CMOS manufacturing technology while providing unequaled 
performance. Its 120 ns speed (tACc) offers no-wait-state operation with high performance CPUs in applica- 
tions ranging from numerical control to office automation to telecommunications. 

Intel offers two DIP profile options to meet your prototyping and production needs. The windowed ceramic dip 
(CERDIP) package provides erasability and reprogrammability for prototyping and early production. Once the 
design is in full production, the plastic dip (PDIP) one-time programmable part provides a lower cost alternative 
that is well adapted for auto insertion. 

In addition to the JEDEC 40-pin DIP package, Intel also offers a 44-lead PLCC version of the 27C210. This 
one-time-programmable surface mount device is ideal where board space consumption is a major concern or 
where surface mount manufacturing technology is being implemented across an entire production line. 

The 27C210 is equally at home in both a TTL or CMOS environment. And like Intel’s other 1 Mbit EPROMs, 
the 27C210 programs quickly using Intel’s industry leading Quick-Pulse Programming algorithm. 


High-Performance 

— 120 ns ±10% V C c 

— 50 m A Iqc Active 

Fast Programming 

— Quick-Pulse ProgrammingTM 
Algorithm 

— Programming Times As Fast As 
8 Seconds 


DATA OUTPUTS 

Oq-O-15 



290193-1 


Figure 1. Block Diagram 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature . . .0°C to 70°C0) 

Temperature Under Bias - 10°C to 80°C 

Storage Temperature - 65°C to 1 25°C 

Voltage on Any Pin 

(except A 9 , Vcc and Vpp) 

with Respect to GND -0.6V to 6.5V(2. ®) 

Voltage on Ag with 

Respect to GND -0.6V to 13.0V(2) 

Vpp Program Voltage 

with Respect to GND - 0.6V to 1 4V(2) 

Vcc Supply Voltage 

with Respect to GND -0.6V to 7.0V(2) 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “ Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“ Operating Conditions” is not recommended and ex- 
tended exposure beyond the "Operating Conditions” 
may affect device reliability. 

Notice: Specifications contained within the following 
tables are subject to change. 


READ OPERATION DC CHARACTERISTICS^) v cc = 5 ov ± 10 % 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

lu 

Input Load Current 

7 


0.01 

1.0 

jlaA 

V|n = 0V to Vcc 

•lO 

Output Leakage Current 




±10 

p,A 

VOUT = 0V to Vcc 

ISB 

Vcc Standby Current 




1.0 

mA 

I 
> 

II 

|LU 

IQ 

100 

|LtA 

CE = V C c ±0.2V 

•CC 

Vcc Operating 

Current 

3 





CE = V| L 

f = 5 MHz, Iout = 0 mA 

Ipp 

Vpp Operating Current 

3 



10 


Vpp = Vcc 

•os 

Output Short 

Circuit Current 

4,6 






VlL 

Input Low Voltage 


-0.5 


0.8 



VlH 

Input High Voltage 


2.0 





V 0 L 

Output Low Voltage 




0.45 


Iql - 2.1 mA 

V OH 

Output High Voltage 


2.4 





Vpp 

Vpp Operating Voltage 

5 







NOTES: 

1 ; Operating temperature is for commercial product defined by this specification. 

2. Minimum DC voltage is -0.5V on input/output pins. During transitions, this level may undershoot to -2.0 V for periods 
<20 ns. Maximum DC voltage on input/output pins is Vqc + 0.5 V which during transitions, may overshoot to Vcc + 2.0 V 
for periods <20 ns. 

3. Maximum active power usage is the sum Ipp + Ice- Maximum current value is with outputs Oo to O-15 unloaded. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 

5. Vpp may be connected directly to Vcc. or ma Y be one diode voltage drop below Vcc- v cc must be applied simultaneously 
or before Vpp and removed simultaneously or after Vpp. 

6. Sampled, not 100% tested. 

7. Typical limits are at Vcc = 5V, Ta = 25°C. 

8. Absolute Maximum ratings apply to NC pins. 
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READ OPERATION AC CHARACTERISTICS^) v cc = 5.0V ± 10 % 


Verslons( 4 ) 

Vcc ±10% 

27C210-120V10 

27C210-150V10 

P27C210-150V10 

N27C210-150V10 

27C210-200V10 
P27C2 1 0-200V 1 0 
N27C210-200V10 

Unit 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

*ACC 

Address to Output Delay 



120 


150 


200 

ns 

*CE 

CE to Output Delay 

2 


120 


150 


200 

ns 

*OE 

OE to Output Delay 

2 


55 


60 


70 

ns 

*DF 

OE High to Output High Z 

3 


30 


50 


60 

ns 

tQH 

Output Hold from 
Addresses, CE or OE 
Change— Whichever is 
First 

3 

0 


0 


0 


ns 


NOTES: 

1. See AC Input/Output Reference Waveform for timing measurements. 

2. OE may be delayed up to tcE-tc>E after the falling edge of CE without impact on tcE- 

3. Sampled, not 100% tested. 

4. Model Number Prefixes: no prefix = CERDIP, P = PDIP, N = PLCC. 

5. Typical limits are set for T A = 25°C and nominal supply voltages. 


CAPACITANCES) t a = 25°C, f = 1 MHz 


Symbol 

Parameter 

Typ(5) 

Max 

Unit 

Conditions 

C|N 

Input Capacitance 

4 

8 

PF 

> 

o 

II 

z 

> 

C OUT 

Output Capacitance 

8 

12 

PF 

VoUT = 0V 

Cvpp 

Vpp Capacitance 

18 

25 

PF 

> 

o 

II 

Q_ 

a. 

> 


AC INPUT/OUTPUT REFERENCE WAVEFORM AC TESTING LOAD CIRCUIT 



290193-6 


AC test inputs are driven at Voh (2.4 V-jtl) for a Logic “1” and 
Vql (0.45 Vjtl) for a Logic “0". Input timing begins at Vih 
(2.0 Vjtl) and Vil (0.8 VmJ- Output timing ends at Vih and Vil- 
Input Rise and Fall times (10% to 90%) £ 10 ns. 


1.3V 



C L = 100 pF 290193-7 

Cl Includes Jig Capacitance 
R l = 3.3 kn 
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DEVICE OPERATION 

The Mode Selection table lists 27C210 operating modes. Read Mode requires a single 5V power supply. All 
inputs, except Vqc and Vpp, and Ag during int e ligent Identifier Mode, are TTL or CMOS. 


Table 1. Mode Selection 


Mode 

Notes 

CE 

Of 

PGM 

Ag 

Ao 

Vpp 

Vcc 

Outputs 

Read 

1 

VlL 

VlL 

X 

X 

X 

Vcc 

Vcc 

DouT 

Output Disable 


V|L 

V|H 

X 

X 

X 

Vcc 

Vcc 

High Z 

Standby 


V| H 

X 

X 

X 

X 

Vcc 

Vcc 

High Z 

Program 

2 

V|L 

V|H 

V|L 

X 

X 

Vpp 

Vcp 

Din 

Program Verify 


V| L 

VlL 

V|H 

X 

X 

Vpp 

Vcp 

d OUT 

Program Inhibit 


V|H 

X 

X 

X 

X 

Vpp 

•Vcp 

High Z 

int e ligent 

Identifier 

Manufacturer 

2,3 

V|L 

V|L 

X 

V|D 

V|L 

Vcc 

Vcc 

0089 H 

Device 

V|L 

VlL 

X 

VlD 

V|H 

Vcc 

Vcc 

11EEH 


NOTES: 

1. X can be V|l or Vih 

2. See DC Programming Characteristics for Vqp, Vpp and V|p voltages. 

3. Ai-Ae, A-io-A-is = V| L 
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Read Mode 

The 27C210 has two control functions; both must be 
enabled to obtain data at the outputs. CE is the pow- 
er control and device select. OE controls the output 
buffers to gate data to the outputs. With addresses 
stable, the address access time (tAcc) equals the 
delay from CE to output (tcE)- Outputs display valid 
data toE after OE’s falling edge, assuming tAcc and 
tQE times are met. 

Vcc must be applied simultaneously or before 
Vpp and removed simultaneously or after Vpp. 


Two Line Output Control 

EPROMs are often used in larger memory arrays. 
Intel provides two control inputs to accommodate 
multiple memory connections. Two-line control pro- 
vides for: 

a) lowest possible memory power dissipation 

b) complete assurance that data bus contention will 
not occur 

To efficiently use these two control inputs, an ad- 
dress decoder should enable CE, while OE should 
be co nnecte d to all memory devices and the sys- 
tem’s READ control line. This assures that only se- 
lected memory devices have active outputs while 
deselected memory devices are in Standby Mode. 


Standby Mode 

Standby Mode substantially reduces Vcc current. 
When CE = Vm, the outputs_are in a high imped- 
ance state, independent of OE. 


Program Mode 

Caution: Exceeding 14V on Vpp will permanently 
damage the device. 

Initially, and after each erasure, all EPROM bits are 
in the “1” state. Data is introduced by selectively 
programming “Os” into the desired bit locations. Al- 
though only “Os” are programmed, the data word 
can contain both “Is” and “Os”. Ultraviolet light era- 
sure is the only way to change “Os” to “Is”. 

Program Mode is entered when Vpp is raised to 
12.75V. Data is introduced by ap plying a 16-bit word 
to the output pins. Pulsing PGM low while CE = V|l 
and OE = Vih programs that data into the device. 


Program Verify 

A verify should be performed following a program 
operation to determine that bits have been correctly 
programmed. With Vcc at 6.25V, a substantial pro- 
gram margin i s ensu red. The verify is performed with 
CE a t Vil and PGM at Vm- Valid data is available toE 
after OE falls low. 


Program inhibit 

Program Inhibit Mode allows parallel programming 
of multiple EPROMs with different data. CE-high in- 
hibits programming of non-targeted devices. Except 
for CE, parallel EPROMs may have common inputs. 


, int e ligent Identifier™ Mode 

The int e ligent Identifier Mode will determine an 
EPROM’s manufacturer and device type, allowing 
programming equipment to automatically match a 
device with it’s proper programming algorithm. 


This mode is activated when a programmer forces 
12V ±0.5V on Ag. With CE, OE, A^A* and A 10 - 
A15 at V 1 1 _, Aq = V||_ will present the manufacturer 
code and Aq = Vm the device code. This mode 
functions in the 25°C ±5°C ambient temperature 
range required during programming. 


UPGRADE PATH 



Future upgrades to 2 Mbit and 4 Mbit densities are 
easily accomplished due to the standardized pin 
configuration of the 27 C210. When the 27C210 is in 
Rea d Mod e, the PGM input becomes non-functional. 
The PGM and NC pins may be V||_ and Vm- This 
allows address lines A16-A17 to be routed directly 
to these inputs in anticipation of future density up- 
grades. Systems designed for 1 Mbit program mem- 
ories today can be upgraded to higher densities (2 
Mbit and 4 Mbit) in the future with no circuit board 
changes. 
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SYSTEM CONSIDERATIONS 

EPROM power switching characteristics require 
careful device decoupling. System designers are in- 
terested in 3 supply current issues: standby current 
levels (Isb). active current levels (Ice), and transient 
current peaks produced by falling and rising edges 
of CE. Transient current magnitudes depend on the 
device output’s capacitive and inductive loading. 
Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 fxF ceramic capacitor 
connected between its Vcc and GND. This high fre- 
quency, low inherent-inductance capacitor should 
be placed as close as possible to the device. Addi- 
tionally, for every 8 devices, a 4.7 jaF electrolytic 
capacitor should be placed at the array’s power sup- 
ply connection between Vcc and GND. The bulk ca- 
pacitor will overcome voltage slumps caused by PC 
board trace inductances. 


ERASURE CHARACTERISTICS 

Erasure begins when EPROMs are exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain fluorescent lamps have wavelengths in the 
3000A-4000A range. Data shows that constant ex- 
posure to room level fluorescent lighting can erase 
an EPROM in approximately 3 years, while it takes 
approximately 1 week when exposed to direct sun- 
light. If the device is exposed to these lighting condi- 
tions for extended periods, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure is exposure 
to ultraviolet light of wavelength 2537A. The inte- 
grated dose (UV intensity x exposure time) for era- 
sure should be a minimum of 15 Wsec/cm 2 . Erasure 
time is approximately 1 5 to 20 minutes using ah ul- 
traviolet lamp with a 12000 jnW/cm 2 power rating. 
The EPROM should be placed within 1 inch of the 
lamp tubes. An EPROM can be permanently dam- 
aged if the integrated dose exceeds 7258 
Wsec/cm 2 (1 week @ 12000 jnW/cm 2 ). 
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Figure 4. Quick-Pulse ProgrammingTM Algorithm 


Quick-Pulse Programming™ Algorithm 

The Quick-Pulse Programming algorithm programs 
Intel’s 27C210. Developed to substantially reduce 
programming throughput, this algorithm can program 
the 27C210 as fast as 8 seconds. Actual program- 
ming time depends on programmer overhead. 


The Quick-Pulse Programming algorithm employs a 
100 jlis pulse followed by a word verification to de- 
termine when the addressed word has been suc- 
cessfully programmed. The algorithm terminates if 
25 attempts fail to program a word. 

The entire program pulse/word verify sequence is 
performed with Vpp = 12.75V and Vqc = 6.25V. 
When programming is complete, all words are com- 
pared to the original data with Vqc = Vpp = 5.0V. 
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DC PROGRAMMING CHARACTERISTICS T A = 25°C ±5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

lu 

Input Load Current 




1 

jaA 

V|n = V||_ or V| H 

Icp 

Vcc Program Current 

1 



50 

mA 

CE = PGM = V, L 

Ipp 

Vpp Program Current 

1 



50 

mA 

CE = PGM = V, L 

V|L 

Input Low Voltage 

' 

. -0.1 


0.8 

V 


V| H 

Input High Voltage 


2.4 


6.5 

V 


VOL 

Output Low Voltage (Verify) 




0.45 

V 

•ol = 2.1 mA 

VOH 

Output High Voltage (Verify) 


3.5 



V 

Iqh = -2.5 mA 

V ID 

Ag int e ligent Identifier Voltage 


11.5 

12.0 

12.5 

V 


Vpp 

Vpp Program Voltage 

2,3 

12.5 

12.75 

13.0 

V 


Vcp 

Vqc Supply Voltage (Program) 

2 

6.0 

6.25 

6.5 

V 



AC PROGRAMMING CHARACTERISTICS^) t a = 25 C ±5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Wes 

Vqp Setup Time 

2 

2 



JUS 

Wps 

Vpp Setup Time 

2 

2 



JJLS 

‘CES 

CE Setup Time 


2 



JJLS 

Us 

Address Setup Time 


2 



JUS 

tps 

Data Setup Time 


2 



JJLS 

tpw 

PGM Program Pulse Width 


95 

100 

105 

JlS 

*DH 

Data Hold Time 


2 



JJLS 

tOES 

OE Setup Time 


2 



JJLS 

tOE 

Data Valid from OE 

5 



150 

ns 

*DFP 

OE High to Output High Z 

5,6 

0 


130 

ns 

Uh 

Address Hold Time 


0 



JJLS 


NOTES: 

1. Maximum current is with outputs Oq-O-15 unloaded. 

2. Vcp must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

3. When programming, a 0.1 jaF capacitor is required across Vpp and GND to suppress spurious voltage transients which 
can damage the device. 

4. See AC Input/Output Reference Waveform for timing measurements. 

5. toE and toFP are device characteristics but must be accommodated by the programmer. 

6. Sampled,, not 100% tested. 
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DATA OUT VALID 


5 


REVISION HISTORY 


Number 


Description 


Revised general datasheet structure, text to improve clarity 
Revised speed bin as follows: 
tACC was I 30 ns, is now 120 ns 
tcE was 130 ns, is now 120 ns 
toE was 60 ns, is now 55 ns 
Added PDIP package 

Revised Isb Text Condition from CE = VcctoCE = Vcc ±0.2V 

Revised Vql from 0.4V to 0.45V 

Revised Voh from Vcc ~ 0.8V to 2.4V 

Deleted 8 meg DIP, 4 and 8 Meg PLCC references 

Deleted EXPRESS page 
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27C220 

2M (128K x 16) CHMOS EPROM 

■ JEDEC Approved EPROM Pinouts ■ 

— 40-Pin DIP 

— 44-Pin PLCC 

■ Versatile EPROM Features 

— CMOS and TTL Compatibility 

— Two Line Control ■ 

■ High-Performance ■ 

— 150 ns ±10% V C c 

— 50 mA Ice Active 

Intel’s 27C220 is a 5V only, 2,097,152-bit Erasable Programmable Read Only Memory. Organized as 131,072 
words of 16 bits each. It is pin compatible with Intel’s 1 Mbit 27C210 and provides for a simple upgrade to 
4 Mbits in the future. 

The 27C220 represents state-of-the-art 1 micron CMOS manufacturing technology while providing unequaled 
performance. Its 1 50 ns speed (tAcc) offers no-wait-state operation with high performance CPUs in applica- 
tions ranging from numerical control to office automation to telecommunications. 

Intel offers two DIP profile options to meet your prototyping and production needs. The windowed ceramic dip 
(CERDIP) package provides erasability and reprogrammability for prototyping and early production. Once the 
design is in full production, the plastic dip (PDIP) one-time programmable part provides a lower cost alternative 
that is well adapted for auto insertion. 

In addition to the JEDEC 40-pin DIP package, Intel also offers a 44-lead PLCC version of the 27C220. This 
one-time-programmable surface mount device is ideal where board space consumption is a major concern or 
where surface mount manufacturing technology is being implemented across an entire production line. 

The 27C220 is equally at home in both a TTL or CMOS environment. And like Intel’s other high density 
EPROMs, the 27C220 programs quickly using Intel’s industry leading Quick-Pulse Programming algorithm. 


Fast Programming 

— Quick-Pulse Programming™ 
Algorithm 

— Programming Times As Fast As 
15 Seconds 

Surface Mount Packaging Available 
Complete Upgrade to Higher Densities 


V CC °- 
GNDo- 
Vpp o- 


DATA OUTPUTS 
O0-O15 


OE- 
PGM - 
CE- 


OUTPUT ENABLE! 
CHIP ENABLE 
AND 

PROG LOGIC 


A0-A16 

ADDRESS 

INPUTS 


Y 

DECODER 


X 

DECODER 


OUTPUT BUFFERS 


Y-GATING 


2,097,152-BIT 
CELL MATRIX 
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Figure 1. Block Diagram 
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Figure 2. DIP Pin Configurations 



Figure 3. PLCC Lead Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 0°C to 70°C( 1 ) 

Temperature Under Bias - 10°C to 80°C 

Storage Temperature \ - 65°C to 1 25°C 

Voltages on Any Pin 

(except Ag, Vcc and Vpp) 

with Respect to GND -0.6V to 6.5V(2) 

Voltage on Ag with 

Respect to GND - 0.6V to 1 3.0V(2) 

Vpp Supply Voltage 

with Respect to GND - 0.6V to 1 4V( 2 ) 

Vcc Supply Voltage 

with Respect to GND -0.6V to 7.0V(2) 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


READ OPERATION DC CHARACTERISTICS V cc = 5.0V ±10% 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

lu 

Input Load Current 

7 


0.01 

1.0 

juA 

V|n = 0V to Vcc 

Ilo 

Output Leakage Current 




±10 

juA 

v OUT = 0V to Vcc 

>SB 

Vcc Standby Current 




1.0 

mA 

X 

> 

II 

|LD 

lo 


100 

/LtA 

CE = V C c ±0.2V 

J cc 

Vcc Operating Current 

3 



50 

mA 

CE = V| L 

f = 5 MHz, Iout = 0 mA 

Ipp 

Vpp Operating Current 

3 



10 

julA 

Vpp = Vcc 

•os 

Output Short Circuit Current 

4,6 



100 

mA 


V|L 

Input Low Voltage 


-0.5 


0.8 

V 


V|H 

Input High Voltage 


2.0 


V C c + 0.5 

V 


V 0 L 

Output Low Voltage 




0.45 

V 

Iol = 2.1 mA 

V OH 

Output High Voltage 


2.4 



V 

Iqh = “400 juA 

Vpp 

Vpp Operating Voltage 

5 

< 

0 

0 

1 

0 


Vcc 

V 



NOTES: 

1. Operating temperature is for commercial product defined by this specification. 

2. Minimum DC voltage is -0.5 V on input/output pins. During transitions, this level may undershoot to -2.0 V for periods 
<20 ns. Maximum DC voltage on input/output pins is Vcc + 0.5 V which, during transitions, may overshoot to Vcc + 2.0V 
for periods <20 ns. 

3. Maximum active power usage is the sum Ipp + Ice- Maximum current is with outputs Oo to O15 unloaded. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 

5. Vpp may be connected directly to Vcc. or may be one diode voltage drop below Vcc- v cc must be applied simultaneously 
or before Vpp and removed simultaneously or after Vpp. 

6. Sampled, not 100% tested. 

7. Typical limits are at Vcc = 5V, Ta = 25°C. 
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READ OPERATION AC CHARACTERISTICS^) V cc - 5.0V ± 10 % 


Versions* 4 ) 

Vcc ±10% 

27C220-150V10 

27C220-200V10 
P27C220-200V 1 0 
N27C220-200V 1 0 

Units 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

*ACC 

Address to Output Delay 



150 


200 

ns 

tCE 

CE to Output Delay 

2 


150 


200 

ns 

tOE 

OE Lo Ouipui. Dtjiciy 

2 


OA 

KJKJ 


70 

no 

tDF 

OE High to Output High Z 

3 


50 


60 

ns 

tOH 

■ 

Output Hold from 

Addresses, CE or OE 
Change-Whichever is First 

3 

0 


0 


ns 


NOTES: 

1. See AC Input/Output Reference Waveform for timing measurements. 

2. OE may be delayed up to tcE-toE after the falling edge of CE without impact on tQ£. 

3. Sampled, not 100% tested. 

4. Model Number Prefixes: No Prefix = CERDIP, P = PDIP, N = PLCC. 

5. Typical limits are for Ta = 25°C and nominal supply voltages. 


CAPACITANCE^) t a = 25°C,f = 1MHz 


Symbol 

Parameter 

Typ( 5 ) 

Max 

Unit 

Conditions 

C|N 

Input Capacitance 

4 

8 

PF 

v, N = OV 

c OUT 

Output Capacitance 

8 

12 

PF 

Vout = 0V 

C V pp 

Vpp Capacitance 

18 

25 

PF 

> 

o 

II 

CL 

CL 

> 


AC INPUT/OUTPUT REFERENCE WAVEFORM 



290217-6 


AC test inputs are driven at Vqh (2.4 Vjjl) for a logic “1” and 
Vql (0.45 Vjjl) for a logic “0”. Input timing begins at V|h (2.0 
Vttl) ancl V||_ (°- 8 v ttl)- Output timing ends at V|h and V|l- Input 
rise and fall times (10% to 90%) £ 10 ns. 


AC TESTING LOAD CIRCUIT 


1.3 V 



C L = 100 pF 

C L Includes Jig Capacitance 
R u = 3.3 kH 
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DEVICE OPERATION 

The Mode Selection table lists 27C220 operating modes. Read Mode requires a single 5V power supply. All 
inputs, except Vqc and Vpp, and Ag during int e ligent Identifier Mode, are TTL or CMOS. 


Table 1. Mode Selection 


Mode 

Notes 




A 9 

Aq 

Vpp 

Vcc 

Outputs 

Read 

1 

V(L 



mm 

mm 

MB 



Output Disable 


V|L 


X 

wm 

mm 

IBM 

Bill 


Standby 


V|H 

X 

X 

mm 

mm 

v C c 



Program 

2 

V| L 


VlL 

mm 

mm 

Vpp 

Vcp 

Din 

Program Verify 


V|L 

Mi 

VlH 

X 

X 


Vcp 

DoUT 

Program Inhibit 


V| H 

mm 

X 

X 

X 

Vpp 

Vcp 

High Z 


Manufacturer 

2,3 



X 

V|D 

V| L 

Vcc 

Vcc 

0089 H 

Device 

V|L 

VlL 

X 

V|D 

V|H 

Vec 

Vcc 

22EEH 


NOTES: 

1. X can be V|l or Vih 

2. See DC Programming Characteristics for Vcp, Vpp and V|p voltages. 

3. Ai-Aq, Aio“Ai6 = Vjl 
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Read Mode 

The 27C220 has two control functions; both must be 
enabled to obtain data at the outputs. CE is the pow- 
er control and device select. OE controls the output 
buffers to gate data to the outputs. With addresses 
stable, the address access time (tAcc) equals the 
delay from CE to output (tcE)- Outputs display valid 
data toE after OE’s falling edge, assuming tAcc and 
tcE times are met. 

Vcc must be applied simultaneously or before 
Vpp and removed simultaneously or after Vpp. 

Two Line Output Control 

EPROMs are often used in larger memory arrays. 
Intel provides two control inputs to accommodate 
multiple memory connections. Two-line control pro- 
vides for: 

a) lowest possible memory power dissipation 

b) complete assurance that data bus contention will 
not occur 

To efficiently use these two control inputs, an ad- 
dress decoder should enable CE, while OE should 
be co nnecte d to all memory devices and the sys- 
tem’s READ control line. This assures that only se- 
lected memory devices have active outputs while 
deselected memory devices are in Standby Mode. 

Standby Mode 

Standby Mode substantially reduces Vcc current. 
When CE = V|h, the outputs are in a high imped- 
ance state, independent of OE. 

Program Mode 

Caution: Exceeding 14V on Vpp will permanently 
damage the device. 

Initially, and after each erasure, all EPROM bits are 
in the “1” state. Data is introduced by selectively 
programming “Os” into the desired bit locations. Al- 
though only “Os” are programmed, the data word 
can contain both “Is” and “Os”. Ultraviolet light era- 
sure is the only way to change “Os” to “Is”. 

Program Mode is entered when Vpp is raised to 
12.75V. Data is introduced by ap plying a 16-bit word 
to the output pins. Pulsing PGM low while CE = Vil 
and OE = Vm programs that data into the device. 

Program Verify 

A verify should be performed following a program 
operation to determine that bits have been correctly 
programmed. With Vcc at 6.25 V, a substantial pro- 


gram margin i s ensu red. The verify is performed with 
CE at V||_ and PGM at V|h- Valid data is available toE 
after OE falls low. 


Program Inhibit 

Program Inhibit Mode allows parallel programming 
of multiple EPROMs with different data. CE-high in- 
hibits programming of non-targeted devices. Except 
for CE, parallel EPROMs may have common inputs. 


int e ligent Identifier™ Mode 

The int e ligent identifier Mode will determine an 
EPROM’s manufacturer and device type, allowing 
programming equipment to automatically match a 
device with its proper programming algorithm. 

This mode is activated when a programmer forces 
12 V +0.5V on A g . With CE, OE, A^Agj, and A 10 - 
A-16 at V|i_, Aq = V||_ will present the manufacturer 
code and Aq = Vih the device code. This mode 
functions in the 25°C ±5°C ambient temperature 
range required during programming. 


UPGRADE PATH 

Future upgrade to the 4-Mbit density is easily ac- 
complished due to the standardized pin configura- 
tion of the 27C 220. When the 27C220 is in Read 
Mode, the PGM input becomes non-functional. This 
allows address line A 17 to be routed directly to this 
input in anticipation of future density upgrades. Sys- 
tems designed for 2-Mbit program memories today 
can be upgraded to 4-Mbit in the future with no cir- 
cuit board changes. 


SYSTEM CONSIDERATIONS 

EPROM power switching characteristics require 
careful device decoupling. System designers are in- 
terested in 3 supply current issures: standby current 
levels (Isb). active current levels (Ice). and transient 
current peaks produced by falling and rising edges 
of CE. Transient current magnitudes depend on the 
device output’s capacitive and inductive loading. 
Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 juF ceramic capacitor 
connected between its Vcc and GND. This high fre- 
quency, low inherent-inductance capacitor should 
be placed as close as possible to the device. Addi- 
tionally, for every 8 devices, a 4.7 pF electrolytic 
capacitor should be placed at the array’s power sup- 
ply connection between Vcc and GND. The bulk ca- 
pacitor will overcome voltage slumps caused by PC 
board trace inductances. 
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Figure 4. Quick-Pulse Programming™ Algorithm 


ERASURE CHARACTERISTICS aged the inte 9 rated dose exceeds 7258 Wsec/ 

cm 2 (1 week @ 12000 jmW/cm 2 ). 

Erasure begins when EPROMs are exposed to light 
with wavelengths shorter than approximately 4000 

Angstroms (A), it should be noted that sunlight and Quick-Pulse Programming™ Algorithm 
certain fluorescent lamps have wavelengths in the 

3000A-4000A range. Data shows that constant ex- The Quick-Pulse programming algorithm programs 

posure to room level fluorescent lighting can erase Intel’s 27C220. Developed to substantially reduce 

an EPROM in approximately 3 years, while it takes programming throughput, this algorithm can program 
approximately 1 week when exposed to direct sun- 27C220 as fast as 15 seconds. Actual program- 

light. If the device is exposed to these lighting condi- m ' n 9 time depends on programmed overhead, 
tions for extended periods, opaque labels should be 

placed over the window to prevent unintentional era- The Quick-Pulse programming algorithm employs a 
sure . 100 jms pulse followed by a word verification to de- 

termine when the addressed word has been suc- 
The recommended erasure procedure is exposure cessfully programmed. The algorithm terminates if 
to ultraviolet light of wavelength 2537A. The inte- 25 attempts fail to program a word, 
grated dose (UV intensity X exposure time) for era- 
sure should be a minimum of 15 Wsec/cm 2 . Erasure The entire program pulse/word verify sequence is 

time is approximately 15 to 20 minutes using an ul- performed with Vpp = 12.75V and Vqc = 6.25V. 

traviolet lamp with a 12000 fxW/cm 2 power rating. When programming is complete, all words are com- 

The EPROM should be placed within 1 inch of the pared to the original data with Vqc = Vpp = 5.0V. 

lamp tubes. An EPROM can be permanently dam- 
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DC PROGRAMMING CHARACTERISTICS T A = 25 C ±5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

Ili 

Input Load Current 




1 

juA 

V|N = V|L or V|H 

Icp 

Vcc Program Current 

1 



50 

mA 

CE = PGM = V| L 

Ipp 

Vpp Program Current 

1 



50 

mA 

CE = PGM = V| L 

V|L 

Input Low Voltage 


-0.1 


0.8 

V 


v'|H 

1 i. 1 i:_ u \ / - u 

liipui 1 nyii viviiayo 


2.4 


6.5 

\/ 

* 


V 0 L 

Output Low Voltage (Verify) 




0.45 

V 

Iql = 2.1 mA 

V<DH 

Output High Voltage (Verify) 


3.5 



V 

Iqh = “2-5 mA 

V|D 

Ag int e ligent Identifier Voltage 


11.5 

12.0 

12.5 

V 


Vpp 

Vpp Program Voltage 

2,3 

12.5 

12.75 

13.0 

V 


Vcp 

Vcc Supply Voltage (Program) 

2 

6.0 

6.25 

6.5 

V 



AC PROGRAMMING CHARACTERIS1 

riCS( 4 ) T a = 25°C ±5°C 

Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

tvcs 

Vcp Setup Time 

2 

2 



JUS 

tvPS 

Vpp Setup Time 

2 

2 



JLlS 

*CES 

CE Setup Time 


2 



JLtS 

tAS 

Address Setup Time 


2 



fj IS 

tDS 

Data Setup Time 


2 



JLLS 

tpw 

PGM Program Pulse Width 


95 

100 

105 


^DH 

Data Hold Time 


2 



JLtS 

*OES 

OE Setup Time 


2 



JLLS 

tOE 

Data Valid from OE 

5 



150 

ns 

tDFP 

OE High to Output High Z 

5,6 

0 


130 

ns 

tAH 

. Address Hold Time 


0 

. 


JLLS 


NOTES: 

1. Maximum current is with outputs O 0 -O 15 unloaded. 

2. Vcp must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

3. When programming, a 0.1 jaF capacitor is required across Vpp and GND to suppress spurious voltage transients which 
can damage the device. 

4. See AC Input/Output Reference Waveform for timing measurements. 

5. toE and toFP are device characteristics but must be accommodated by the programmer. 

6 . Sampled, not 100% tested. 
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PROGRAMMING WAVEFORMS 



REVISION HISTORY 


Number 

Description 

005 

Deleted -150 PDIP, PLCC packages 
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27C240 

4M (256K x 16) CHMOS EPROM 


■ Fast Programming 

— Quick-Pulse ProgrammingTM 

Algorithm 

— Programming Times as Fast as 30 
Seconds 

■ Hlrih-Performance 

— 170 ns ± 10% V C c 
— 50 mA Ice Active 


■ JEDEC Approved EPROM Pinout 
— 40-Pin DIP 

■ Versatile EPROM Features 

— CMOS and TTL Compatibility 
— Two Line Control 


Intel’s 27C240 is a 5V only, 4,194,304-bit Erasable Programmable Read Only Memory, organized as 262,144 
words of 16 bits each. It provides for a simple upgrade from 1 and 2 Mbits. 


The 27C240 represents state-of-the-art 1 micron CMOS manufacturing technology while providing unequaled 
performance. Its 1 70 ns speed (tAcc) optimizes operation with high performance CPUs in applications ranging 
from numerical control to office automation to telecommunications. 


The 27C240 is equally at home in both a TTL or CMOS environment. And like Intel’s other high density 
EPROMs, the 27C240 programs quickly using Intel’s industry leading Quick-Pulse ProgrammingTM algorithm. 

CHMOS is a patented process of Intel Corporation. 


DATA OUTPUTS 

V CC o ► O 0 -O 15 



290229-1 


Figure 1. Block Diagram 
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Figure 2. DIP Pin Configuration 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 0°C to 70°C( 1 ) 

Temperature Under Bias . . . — 10°C to 80°C 

Storage Temperature -65°Cto 125°C 

Voltage on Any Pin 

(except Ag, Vqc and Vpp) 

with Respect to GND - 0.6V to 6.5V( 2 ) 

Voltaae on Ag with 

Respect to GND -0.6V to 13.0V( 2 ) 

Vpp Supply Voltage 

with Respect to GND - 0.6V to 1 4V( 2 ) 

Vqc Supply Voltage 

with Respect to GND -0.6V to 7.0V( 2 ) 


NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


READ OPERATION DC CHARACTERISTICS v cc = 5.0V ± 10 % 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Units 

Test Condition 

Iu 

Input Load Current 

7 


0.01 

1.0 

/xA 

V|N = OV to Vqq 

>LO 

Output Leakage Current 




±10 

ju,A 

Vqut = 0V to Vqq 

>SB 

Vqq Standby Current 




1.0 

mA 

I 
> 

II 

|LU 

lo 

100 

p,A 

CE = Vqc ±0.2V 

<CC 

Vqq Operating Current 

3 



50 

mA 

CE = V| L 

f = 5 MHz, Iout = 0 mA 

Ipp 

Vpp Operating Current 

■ 3 



10 

jllA 

Vpp = Vqq 

■os 

Output Short Circuit Current 

4,6 



100 

mA 


VlL 

Input Low Voltage 


-0.5 


0.8 

V 


V|H 

Input High Voltage 


2.0 


Vcc + 0.5 

V 


V OL 

Output Low Voltage 




0.45 

V 

Iql = 2-1 mA 

V<DH 

Output High Voltage 


2.4 



V 

Iqh = -400 ju,A 

Vpp 

Vpp Operating Voltage 

5 

d 

1 

8 

> 


Vcc 

V 



NOTES: 

1. Operating temperature, is for commercial product defined by this specification. 

2. Minimum DC voltage is -0.5V on input/output pins. During transitions, this level may undershoot to —2.0V for periods 
<20 ns. Maximum DC voltage on input/output pins is Vqc + 0.5V which, during transitions, may overshoot to Vqq + 2.0V 
for periods <20 ns. 

3. Maximum active power usage is the sum Ipp + Iqc- Maximum current is with outputs Oq to O-J 5 unloaded. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 

5. Vpp may be connected directly to Vqc. or may be one diode voltage drop below Vcc- Vcc must be applied simultaneously 
or before Vpp and removed simultaneously or after Vpp. 

6. Sampled, not 100% tested. 

7. Typical limits are at Vcc = 5V, Ta = 25°C. 
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READ OPERATION AC CHARACTERISTICS^) v cc = 5.0V ± 10 % 


Verslons< 4 ) Vcc ±10% 

27C240-170V10 

27C240-200V10 


Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

Ucc 

Address to Output Delay 





200 

ns 

Ice 

CE to Output Delay 

2 


170 


200 

ns 

tOE 

OE to Output Delay 

2 


65 


70 

ns 

tDF 

OE High to Output High Z 

3 


55 


60 

ns 

tQH 

Output Hold from Addresses, 

CE or OE Change-Whichever 
is First 

3 

0 


0 


ns 


NOTES: 

1 . See AC Input/Output Reference Waveform for timing measurements. 

2. OE may be delayed up to tcE-toE after the falling edge of CE without impact on tcE- 

3. Sampled, not 100% tested. 

4. Model number prefixes: No Prefix = Ceramic Dip. 

5. Typical limits are for Ta = 25°C and nominal supply voltages. 


CAPAC 

TANCE( 3 ) T a = 25°C, f = 1 MHz 

Symbol 

Parameter 

Typ<5) 

Max 

Unit 

Conditions 

C|N 

Input Capacitance 

4 

8 

PF 

V| N = 0V 

Gout 

Output Capacitance 

8 

12 

PF 

VoUT = 0V 

C V pp 

Vpp Capacitance 

18 

25 

PF 

Vpp = 0V 


AC INPUT/OUTPUT REFERENCE WAVEFORM 
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AC test inputs are driven at Vqh (2.4 Vjtl) for a logic “1” and 
Vol (°-45 Vjtl) for a logic “0". Input timing begins at Vm 
(2.0 Vjtl) and Vil (0.8 Vttl)- Output timing ends at Vih and V||_. 
Input rise and fall times (10% to 90%) £10 ns. 


AC TESTING LOAD CIRCUIT 


1.3V 



290229-4 

C L = 100 pF 

Cl Includes Jig Capacitance 
R l = 3.3 KH 
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DEVICE OPERATION 

The Mode Selection table lists 27C240 operating modes. Read Me 

inputs, except Vcc and Vpp, and Ag during int e ligent Identified fy 


Table 1. Mode Selection 


Mode 


E3 



Read 

1 




Output Disable 


V|L 

V|H 

X 

Standby 


V| H 

X 

X 

Program 

2 

V|L 

V|H 

X 

Program Verify 


V|H 

VlL 

X 

Program Inhibit 


V| H 

V|H 

X 

int e ligent 

Manufacturer 

2,3 

V|L 

VlL 

V|D 

Identifier 

Device 


V|L 

V|L 

V|D 


NOTES: 

1. X can be Vil or Vih 

2. See DC Programming Characteristics for Vcp, Vpp and V|d voltages. 

3. A-i-As, A 10 -A-|7 = V| L 
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Read Mode 

The 27C240 has two control functions; both must be 
enabled to obtain data at the outputs. CE is the pow- 
er control and device select. OE controls the output 
buffers to gate data to the outputs. With addresses 
stable, the address access time (tAcc) equals the 
delay from CE to output (tcE)- Outputs display valid 
data toE after OE’s falling edge, assuming tAcc and 
tcE times are met. 

Vqc must be applied simultaneously or before 
Vpp and removed simultaneously or after Vpp. 

Two Line Output Control 

EPROMs are often used in larger memory arrays. 
Intel provides two control inputs to accommodate 
multiple memory connections. Two-line control pro- 
vides for: 

a) lowest possible memory power dissipation 

b) complete assurance that data bus contention will 
not occur 

To efficiently use these two control inputs, an ad- 
dress decoder should enable CE, while OE should 
be co nnecte d to all memory devices and the sys- 
tem’s READ control line. This assures that only se- 
lected memory devices have active outputs while 
deselected memory devices are in Standby Mode. 

Standby Mode 

Standby Mode substantially reduces Vqq current. 
When CE = V|h, the outputs are in a high imped- 
ance state, independent of OE. 

Program Mode 

r 

Caution: Exceeding 14V on Vpp will permanently 
damage the device. 

Initially, and after each erasure, all EPROM bits are 
in the “1” state. Data is introduced by selectively 
programming “Os” into the desired bit locations. Al- 
though only “Os” are programmed, the data word 
can contain both “Is” and “Os”. Ultraviolet light era- 
sure is the only way to change “Os” to “Is”. 

Program Mode is entered when Vpp is raised to 
12.75V. Data is introduced by applying a 16-bit word 
to the output pins. Pulsing CE low while OE = V^ 
programs that data into the device. 

Program Verify 

A verify should be performed following a program 
operation to determine that bits have been correctly 


programmed. With Vqc at 6.25 V, a substantial pro- 
gram margin is ensured. The verify is performed with 
CE at V|h- Valid data is available toE after OE falls 
low. 

Program Inhibit 

Program Inhibit Mode allows parallel programming 
of multiple EPROMs with different data. CE-high in- 
hibits programming of non-targeted devices. Except 
for CE and OE, parallel EPROMs may have common 
inputs. 

int e ligent IdentifierTM Mode 

The int e ligent Identifier Mode will determine an 
EPROM’s manufacturer and device type, allowing 
programming equipment to automatically match a 
device with it’s proper programming algorithm. 

This mode is activated when a programmer forces 
12V ±0.5V on Ag. With CE, OE, A-i-Ag, and Aio- 
A -|7 at V||_, Aq = V||_ will present the manufacturer 
code and Aq = Vm the device code. This mode 
functions in the 25°C ±5°C ambient temperature 
range required during programming. 

SYSTEM CONSIDERATIONS 

EPROM power switching characteristics require 
careful device decoupling. System designers are in- 
terested in 3 supply current issues: standby current 
levels (Isb). active current levels (Iqq), and transient 
current peaks produced by falling and rising edges 
of CE. Transient current magnitudes depend on the 
device output’s capacitive and inductive loading. 
Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 jaF ceramic capacitor 
connected between its Vqq and GND. This high fre- 
quency, low inherent-inductance capacitor should 
be placed as close as possible to the device. Addi- 
tionally, for every 8 devices, a 4.7 julF electrolytic 
capacitor should be placed at the array’s power sup- 
ply connection between Vqq and GND. The bulk ca- 
pacitor will overcome voltage slumps caused by PC 
board trace inductances. 

ERASURE CHARACTERISTICS 

Erasure begins when EPROMs are exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain fluorescent lamps have wavelengths in the 
3000A-400 oA range. Data shows that constant ex- 
posure to room level fluorescent lighting can erase 
an EPROM in approximately 3 years, while it takes 
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Figure 3. Quick-Pulse Programming Algorithm 


approximately 1 week when exposed to direct sun- 
light. If the device is exposed to these lighting condi- 
tions for extended periods, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure js exposure 
to ultraviolet light of wavelength 2537A. The inte- 
grated dose (UV intensity x exposure time) for era- 
sure should be a minimum of 15 Wsec/cm 2 . Erasure 
time is approximately 15 to 20 minutes using an ul- 
traviolet lamp with a 12000 /xW/cm 2 power rating. 
The EPROM should be placed within 1 inch of the 
lamp tubes. An EPROM can be permanently dam- 
aged if the integrated dose exceeds 7258 Wsec/ 
cm 2 (1 week @ 12000 ju,W/cm 2 ). 


Quick-Pulse Programming Algorithm 

The Quick-Pulse Programming algorithm programs 
Intel’s 27C240. Developed to substantially reduce 
programming throughput, this algorithm can program 
the 27C240 as fast as 30 seconds. Actual program- 
ming time depends on programmer overhead. 

The Quick-Pulse Programming algorithm employs a 
1 00 jus pulse followed by a word verification to de- 
termine when the addressed word has been suc- 
cessfully programmed. The algorithm terminates if 
25 attempts fail to program a word. 

The entire program pulse/word verify sequence is 
performed with Vpp = 12.75V and Vqc = 6.25V. 
When programming is complete, all words are com- 
pared to the original data with Vcc = Vpp = 5.0V. 
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DC PROGRAMMING CHARACTERISTICS T A = 25°C ±5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

Ili 

Input Load Current 




1 

/xA 

V|N = V|L.orV|H 

Icp 

Vcc Program Current 

1 



50 

mA 

—1 

> 

II 

ILU 

10 

Ipp 

Vpp Program Current 

1 



50 

mA 

_l 

> 

II 

|LU 

10 

V| L 

Input Low Voltage 


-0.1 


0.8 

V 


V|H 

Input High Voltage 


2.4 


6.5 

V 


VOL 

Output Low Voltage (Verify) 




0.45 

V 

Iql = 2.1 mA 

VoH 

Output High Voltage (Verify) 


3.5 



V 

Iqh = “2.5 mA 

V|D 

Ag int e ligent Identifier Voltage 


11.5 

12.0 

12.5 

V 


Vpp 

Vpp Program Voltage 

2,3 

12.5 

12.75 

13.0 

V 


Vcc 

Vcc Supply Voltage (Program) 

2 

6.0 

6.25 

6.5 

V 



AC PROGRAMMING CHARACTERISTICS^) T A = 25°C ±5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

tvcs 

Vcp Setup Time 

2 

2 



jxs 

tvps 

Vpp Setup Time 

2 

2 



flS 

*AS 

Address Setup Time 


2 



juts 

tos 

Data Setup Time 


2 



flS 

tpw 

CE Program Pulse Width 


95 

100 

105 

JXS 

*DH 

Data Hold Time 


2 



JUlS 

tOES 

OE Setup Time 


2 



JUS 

*OE 

Data Valid from OE 

5 



150 

ns 

*DFP 

OE High to Output High Z 

5,6 

0 


130 

ns 

l AH 

Address Hold Time 


0 



JUtS 


NOTES: 

1. Maximum current is with outputs O0-O-15 unloaded. 

2. Vqp must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

3. When programming, a 0.1 jiF capacitor is required across Vpp and GND to suppress spurious voltage transients which 
can damage the device. 

4. See AC Input/Output Reference Waveform for timing measurements. 

5. toE and tQFP are device characteristics, but must be accommodated by the programmer. 

6. Sampled, not 100% tested. 
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27C400 

4M (256K x 16 or 512K x 8) CHMOS EPROM 



■ Word-Wide or Byte-Wide Configurable 

■ 4M 40-Pin Mask ROM Compatible 
-40-Pin CERDIP Package 

■ Low Power Dissipation 

— 50 mA Max Active @ 5 MHz 

— 100 ju,A Max Standby 


■ High Performance 

— 150 ns Maximum Access Time 
— V CC = 5V±10% 

■ Quick-Pulse Programming™ Algorithm 
— Programming as Fast as 28 Seconds 

■ UV Erasable 


Intel’s 27C400 is a 5V-only, 4,194,304 bit, Erasable Programmable Read Only Memory. It employs advanced 
CHMOS* lll-E circuitry for systems requiring low power, high speed performance and noise immunity. 


The device is organized as 262,144 words of 16 bits or 524,288 bytes of 8 bits through use of a byte enable 
switch on pin 31. The 27C400 is pinout and functionally compatible with 40-pin 4M Mask ROMs, providing a 
solution for both prototyping and production applications. 

The 27C400 is offered in a ceramic DIP package. The UV-erasable CERDIP package facilitates fast time-to- 
market in minimum quantities with migration to mask ROMs for volume production. The Quick-Pulse Program- 
ming algorithm provides fast, reliable programming. 

* CHMOS is a patented process of Intel Corporation. 



Figure 1. 27C400 Block Diagram 
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Pin Names 


Aq-A-ib 

ADDRESSES 

O0“Ol5 

OUTPUTS 

OE 

OUTPUT ENABLE 

CE 

CHIP ENABLE 

BYTE 

WORD/BYTE ENABLE 

A-1 

rvtp qpi rr.T 

NC 

NO CONNECT 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 0°C to 70°C( 1 ) 

Temperature under Bias - 1 0°C to 80°C 

Storage Temperature - 65°C to 1 25°C 

Voltage on Any Pin 

(Except Ag, V C c and BYTE/V PP ) 

with Respect to GND -0.6V to 6.5V( 2 ) 

Voltage on Ag, with 

Respect to GND -0.6V to 13V(2) 

BYTE/V PP Program Voltage 
with Respect to GND -0.6V to 14V( 2 ) 

Vcc Supply Voltage 

with Respect to GND -0.6V to 7V( 2 ) 


NOTICE: This data sheet contains information on 
products in the sampling and initial production phases 
of development. The specifications are subject to 
change without notice. 

* WARNING: Stressing the device beyond the ", Absolute 
Maximum Ratings " may cause permanent damage . 
These are stress ratings only. Operation beyond the 
“ Operating Conditions” is not recommended and ex- 
tended exposure beyond the ' Operating Conditions” 
may affect device reliability. 


READ OPERATION DC CHARACTERISTICSd) V cc = 5.0V ±io% 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Condition 

lu 

Input Load Current 

7 


0.01 

1.0 

juA 

V|n = 0 V to Vcc 

•lo 

Output Leakage Current 




' ±10 

\xfK 

VoUT = 0V to VCC 

•SB 

Vcc Standby Current 

5 



1.0 

mA 

CE = V,H 

100 

jtiA 

CE = V C c ± 0.2V 

fee 

Vcc Operating Current 

3 

■ 

■ 




Ipp 

V PP Operating Current 

3 



10 



los 

Output Short Circuit 
Current 

4,6 

■ 

■ 




V|L 

Input Low Voltage 




™ , 

V 


V| H 

Input High Voltage 





V 


V 0L 

Output Low Voltage 




0.45 

V 

Iol = 2.1 mA 

VoH 

Output High Voltage 


ESI 



V 

Iqh = -400 fxA 


NOTES: 

1 . Operating temperature is for commercial product defined by this specification. 

2. Minimum DC voltage is -0.5V on input/output pins. During transitions, this level may undershoot to -2.0V for periods 
<20 ns. Maximum DC voltage on input/output pins is Vcc + 0.5V which, during transitions, may overshoot to Vcc + 2.0V 
for periods <20 ns. 

3. Maximum active power usage is the sum l PP + Ice- Maximum current value is with outputs O0-O-15 unloaded. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 

5. BYTE/V PP = V CC ± 0.2V or GND ± 0.2V. 

6. Sampled, not 100% tested. 

7. Typical limits are at Vcc = 5V, T^ = 25°C. 
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READ OPERATION AC CHARACTERISTICS! 1 ) V cc = 5.0V ±10% 


Version( 4 ) 

Vcc ± 10% 

27C400- 150V10( 7 ) 

27C400-200V10 

Unit 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

*ACC 

Address to Output Delay 



150 


200 

ns 

tCE 

CE to Output Delay 

2 


150 


200 

ns 

tOE 

OE to Output Delay 

2 


60 


70 

ns 

* 

l Uh 

rvz: r\, .+r>, .+ u:^h. 7 

1 UVJI 1 «.W 1 _ 

3 


50 


60 

ns 

tQH 

Output Hold from Addresses, 
CE or OE Change — 
Whichever Occurs First 

3 

0 


0 


ns 


NOTES: 

1. See AC Input/Output Reference Waveform for timing measurements. 

2. OE may be delayed up to tcE-toE after the falling edge of CE without impact on tcE- 

3. Sampled, not 100% tested. 

4. Model Number Prefixes: No Prefix = CERDIP. 

5. Typical values are for Ta = +25°C and nominal supply voltages. 

6. Includes O-15/A-I. 

7. Both byte- and word-wide-read mode are available with the 27C400-200V10. 27C400-150V10 specs are valid only in 
word-wide-read mode operation. 


CAPACITANCES) T A = 25°C, f = 1 MHz 


Symbol 

Parameter 

Typ( 5 ) 

Max 

Unit 

Condition 

C|N 

Input Capacitance 

4 

8 

PF 

< 

z 

II 

o 

< 

C OUT 

Output Capacitance^) 

8 

12 

PF 

Vqut = 

Cvpp 

Vpp Capacitance 

18 

25 

PF 

> 

o 

II 

CL 

CL 

> 


AC INPUT/OUTPUT REFERENCE WAVEFORM 


INPUT 


X ' 2.0 ct"" " » tvit 

>TEST POINTS < X C 


AC test inputs are driven at Voh (2.4 Vjxl) for a Logic "1” and 
Vol (0-45 Vttl) f° r a Logic “0". Input timing begins at Vm (2.0 
Vttl) and Vil (0.8 Vttl). Output timing ends at V|h and V|l- Input 
rise and fall times (10% to 90%) ^ 10 ns. 


AC TESTING LOAD CIRCUIT 


1.3V 



290273-6 

C L = 100 pF 

Cl Includes Jig Capacitance 
R l = 3.3 kn 
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AC WAVEFORMS 
Word-Wide Read Mode 



290273-7 

NOTE: 

BYTE/Vpp = V C c ± 0.2V 


Byte-Wide Read Mode 



290273-8 


NOTE : 

BYTE/Vpp = GND + 0.2V 
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DEVICE OPERATION 

The Mode Selection ta ble lists 27C400 operating modes. Read Mode requires a single 5V power supply. All 
inputs, except Vcc and BYTE/Vpp, and Ag during int e ligent Identified Mode, are TTL or CMOS. 


Table 1. Mode Selection 


Mode 

Notes 

CE 

OE 

A 9 

A 0 

o 15 /a-i 

BYTE/ 

Vpp( 4 ) 

Vcc 

Os -14 

O0-7 

Read (Word) 

1 

V|L 

V|L 

X 

X 

D 15 Out 

Vcc 

Vcc 

D 8 -14 Out 

Dq _7 Out 

Read (Upper Byte) 


V|L 

V|L 

X 

X 

V|H 

GND 

Vcc 

High Z 

0 

OD 

1 

Ul 

0 

c 

Read (Lower Byte) 


V|L 

V|L 

X 

X 

V|L 

GND 

Vcc 

High Z 

Dq _7 Out 

Output Disable 


V|L 

V|H 

X 

X 

High Z 

X 

Vcc 

High Z 

High Z 

Standby 


V|H 

X 

X 

X 

High Z 

X 

Vcc 

High Z 

High Z 

Program 

2 

V|L 

V|H 

X 

X 

□15 In 

Vpp 

Vcp 

j= 

T 

GO 

Q 

Dq _7 In 

Program Verify 


V|H 

V|L 

X 

X 

D -15 Out 

Vpp 

v cp 

a 

00 

1 

•£>. 

0 

c 

Dq _7 Out 

Program Inhibit 


V|H 

V|H 

X 

X 

High Z 

Vpp 

Vcp 

High Z 

High Z 

int e ligent Identifier 

— Manufacturer 
— Device 

2,3 

V|L 

V|L 

V ID 

V|L 

OB 

Vcc 

Vcc 

OOH 

89H 

V|L 

V|L 

V|D 

V| H 

OB 

Vcc 

Vcc 

44H 

EFH 


NOTES: 

1. X can be V|i_ or Vm- 

2. See DC Programming Characteristics for Vcp, Vpp and Vid voltages. 

3. A-|-A 8 , A-io-A-17 = V||_. 

4. BYTE/Vpp is intended for operation under DC Voltage conditions only. 

Read Mode 

The 27C400 has two control functions; both must be 
enabled to obtain data at the outputs. CE is the pow- 
er control and device select. OE controls the output 
buffers to gate data to the outputs. With addresses 
stable, the address access time (tAcc) equals the 
delay from CE to output (tcE)- Outputs display valid 
data toE after OE’s falling edge, assuming tAcc and 
tQE times are met. 

Word-Wide Mode 


With BYTE/Vpp at Vcc ± 0.2V outputs O 0-7 pres- 
ent data Dq _7 and outputs Oq-is present data De- 
is, after CE and OE are appropriately enabled. 

Byte-Wide Mode 


With BYTE/Vpp at GND ± 0.2V, outputs Oq-is are 
tri-stated. If O 15 /A-I = V^, outputs O 0-7 present 
data bits D 8 -i 5 . If O- 15 /A-I = V|i_, outputs O 0 _7 
present data bits Do_ 7 . 

Read Operation AC Characteristic specifications are 
currently valid in byte-wide mode only when using 
the 27C400-200V1 0. Please contact your local Intel 
sales office for additional information. 


Two Line Output Control 

EPROMs are often used in larger memory arrays. 
Intel provides two control inputs to accommodate 
multiple memory connections. Two-line control pro- 
vides for: 

a. lowest possible memory power dissipation 

b. complete assurance that data bus contention will 
not occur 

To efficiently use these two control inputs, an ad- 
dress decoder should enable CE while OE should be 
conne cted to all memory devices and the system’s 
READ control line. This assures that only selected 
memory devices have active outputs while deselect- 
ed memory devices are in Standby Mode. 


Standby Mode 

Standby Mode substantially reduces Vcc current. 
When CE = Vm, outputs are in a high impedance 
state, independent of OE. 
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Program Mode 


Caution: Exceeding 14V on BYTE/Vpp will 
permanently damage the device. 

Initially, and after each erasure, all EPROM bits are 
in the “1” state. Data is introduced by selectively 
programming “Os” into the desired bit locations. Al- 
though only “Os” are programmed the data word 
can contain both “Is” and “Os”. Ultraviolet light era- 
sure is the only way to change “Os” to “Is”. 


Program Mode is entered when BYTE/Vpp is raised 
to 12.75V. Data is introduced by applying a 16-bit 
word to the output pins. Pulsing CE low while OE = 
V|h programs that data into the device. 


Program Verify 

A verify should be performed following a program 
operation to determine that bits have been correctly 
programmed. With Vcc at 6.25V, a substantial pro- 
gram margin is ensured. The verify is performed with 
CE at V|h- Valid data is available on 60-15 toE after 
OE falls low. 


Program Inhibit 

Program Inhibit mode allows parallel programming 
of multiple EPROMs with different data. CE-high in- 
hibits programming of non-targeted devices. Except 
for CE and OE, parallel EPROMs may have common 
inputs. 


int e ligent Identifier™ Mode 

The int e ligent Identifier Mode will determine an 
EPROM’s manufacturer and device type, allowing 
programming equipment to automatically match a 
device with its proper programming algorithm. 

This mode is activated when a programmer forces 
12V ±0.5V on A 9 . With CE, OE, Ai -A 8 , and A 10 - 
A17 = V|l, Aq = V|[_ will present the manufacturer’s 
code and Aq = Vm the device code. This mode 
functions in the 25°C ±5°C ambient temperature 
range required during programming. 


UPGRADE PATH 

Future upgrade to the 8M-bit density is easily ac- 
complished due to the standardized pin configura- 


tion of the 27C400. Simply design in the 27C400 
using pins 2-41 of a 42-pin socket. Route address 
line Ais directly to pin 1 in anticipation of future den- 
sity upgrades. See Figure 2 for additional informa- 
tion. Systems designed for 4M-bit program memo- 
ries today can be upgraded to 8M-bit in the future 
with no circuit board changes. 


SYSTEM CONSIDERATIONS 

EPROM power switching characteristics require 
careful device decoupling. System designers are in- 
terested in three supply current issues — standby 
currents levels (Isb)> active current levels (lcc)» and 
transient current peaks produced by falling and ris- 
ing edges of CE. Transient current magnitudes de- 
pend on the device outputs’ capacitive and inductive 
loading. Two-Line Control and proper decoupling ca- 
pacitor selection will suppress transient voltage 
peaks. Each device should have a 0.1 jutF ceramic 
capacitor connected between its Vcc and GND. This 
high frequency, low inherent-inductance capacitor 
should be placed as close as possible to the device. 
Additionally, for every eight devices, a 4.7 juF elec- 
trolytic capacitor should be placed at the array’s 
power supply connection between Vcc and GND. 
The bulk capacitor will overcome voltage slumps 
caused by PC board trace inductances. 


ERASURE CHARACTERISTICS 

Erasure begins when EPROMs are exposed to light 
with wavelengths shorter than approximately 4000 
Angstroms (A). It should be noted that sunlight and 
certain fluorescent lamps have wavelengths in the 
3000 -4000 A range. Data shows that constant expo- 
sure to room level fluorescent lighting can erase an 
EPROM in approximately 3 years, while it takes ap- 
proximately 1 week when exposed to direct sunlight. 
It the device is exposed to these lighting conditions 
for extended periods, opaque labels should be 
placed over the window to prevent unintentional era- 
sure. 

The recommended erasure procedure is exposure 
to ultraviolet light of wavelengths 2537A. The inter- 
grated dose (UV intensity x exposure time) for era- 
sure should be a minimum of 1 5 Wsec/cm 2 . Erasure 
time is approximately 15 to 20 minutes using an ul- 
traviolet lamp with a 12000 juW/cm 2 power rating. 
The EPROM should be placed within 1 inch of the 
lamp tubes. An EPROM can be permanently dam- 
aged if the integrated dose exceeds 7258 Wsec/ 
cm 2 (1 week @ 12000 ju.W/cm 2 ). 
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Figure 3. Quick-Pulse Programming Algorithm 


Quick-Pulse Programming Algorithm 

The Quick-Pulse ProgrammingTM algorithm pro- 
grams Intel’s 27C400. Developed to substantially re- 
duce programming throughput, this algorithm can 
program the 27C400 as fast as 28 seconds. Actual 
programming time depends on programmer over- 
head. 

The Quick-Pulse Programming algorithm employs a 
100 jtxs pulse followed by a word verification to 


determine when the addressed word has been suc- 
cessfully programmed. The algorithm terminates if 
25 attempts fail to program a word. 

The entire prog ram-p ulse/word-verify sequence is 
performed with BYTE/Vpp = 12.75V and Vcc = 
6.25V. When programming is complete, all words 
are compared to the original data with Vcc = 
BYTE/Vpp = 5.0 V. 
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DC PROGRAMMING CHARACTERISTICS t a = 25 C ± 5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Test Conditions 

Ili 

Input Load Current 




1 

julA 

Vin = V| L orV| H 

Icp 

Vqp Program Current 

1 



50 

mA 

_l 

> 

II 

ILU 

IQ 

Ipp 

Vpp Program Current 

1 



50 

mA 

> 

II 

|LU 

IQ 

VlL 

Input Low Voltage 


-0.1 


0.8 

V 


VlH 

Input High Voltage 


2.4 


6.5 

V 


V OL 

Output Low Voltage (Verify) 




0.45 

V 

Iql = 2.1 mA 

VOH 

Output High Voltage (Verify) 


3.5 



V 

Iqh = — 2.5 mA 

V|D 

Ag int e ligent Identifer Voltage 


11.5 

12.0 

12.5 

V 


Vpp 

Vpp Program Voltage 

2, 3 

12.5 

12.75 

13.0 

V 


V CP 

Vqc Supply Voltage (Program) 

2 

6.0 

6.25 

6.5 

V 



AC PROGRAMMING CHARACTERISTICS^ = 25 C ± 5°C 


Symbol 

Parameter 

Notes 

Min 

Typ 

Max 

Unit 

tvcs 

Vqp Setup Time 

2 

2 



jLtS 

tvPS 

Vpp Setup Time 

2 

2 



juts 

Us 

Address Setup Time 


2 



JLLS 

tos 

Data Setup Time 


2 



fJLS 

tpw 

CE Program Pulse Width 


95 

100 

105 

jLlS 

tDH 

Data Hold Time 


2 



JLXS 

^OES 

OE Setup Time 


2 



juts 

^OE 

Data Valid from OE 

5 



150 

ns 

tDFP 

OE High to Output High Z 

5,6 

0 


130 

ns 

tAH 

Address Hold Time 

1 

0 



JLlS 


NOTES: 

1. Maximum current is with outputs Oo-O-i 5 unloaded. 

2. Vqp must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

3. When programming, a 0.1 jmF capacitor is required between Vpp and GND to suppress spurious voltage transients, which 
can damage the device. 

4. See AC Input/Output Reference Waveform for timing measurements. 

5. tQE and toFP are device characteristics but must be accommodated by the programmer. 

6. Sampled, not 100% tested. 


5-190 





27C400 


OMIF@IBIiMir DOM 


PROGRAMMING WAVEFORMS 



290273-10 


91 



Intel 




27960CX 

PIPELINED BURST ACCESS 1M (128K x 8) CHMOS EPROM 


■ Synchronous 4 Byte Data Burst Access 

■ No Glue Interface to 80960CA 

■ High Performance Clock to Data Out 
— Zero Wait State Data to Data Burst 
— Up to 33 MHz 80960CA Performance 

■ Asynch Microcontroller Reset Function 
— Returns to Known State with High-Z 

Outputs 


■ Pipelined Addressing for Optimal Bus 
Bandwidth on 80960CA 

— Next Addressing Overlaps Last Data 
Byte 

■ CHMOS lll-E for High Performance and 
Low Power 

— 125 mA Active, 30 mA Standby 
— TTL Compatible Inputs 

■ 1 Mbit Density Configures as 128K x 8 
— Upgrade Path to 512K x 8 


Intel’s 27960CX is a 5V only, 1,048,576 bit, Erasable Programmable Read Only Memory, organized as 128K 
words of 8 bits. It is a member of a new family of high performance EPROMs with synchronous burst access. 


The 27960CX provides a no glue synchronous burst interface to the 80960CA bus. Internally the 27960CX is 
organized in 4 byte blocks, in which each byte is accessed sequentially. The internal state machine is factory 
configured to generate either 1 or 2 wait-states between the address and first data byte. High performance 
outputs provide zero wait-state data to data accesses at clock frequencies up to 33 MHz. 

Pipelining capability allows addresses to overla p previo us data, further optimizing bus bandwidth in 80960CA 
applications. An asynchronous microcontroller RESET feature puts the outputs in the high impedance state 
and takes the internal state machine to a known state where a new burst access can begin. 

The 27960CX is available in either 44-lead Cerquad (reprogrammable) or PLCC packages. Cerquad allows for 
code changes in the R & D environment while PLCC provides optimum cost effectiveness during production. 
Two No Connects (NC) on the package allow for an upgrade to 4 Mbits (51 2K x 8). 


The 27960CX is manufactured on Intel’s 1 micron CHMOS lll-E technology. The Quick-Pulse ProgrammingTM 
algorithm provides fast, reliable programming with throughput under 17 seconds for optimized equipment. 

*CHMOS is a Patentented Process of Intel Corporation. 



Figure 1. 27960CX Burst EPROM Block Diagram 
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27960CX BURST EPROM 

EPROMs are established as the preferred code stor- 
age device in embedded applications. The non-vola- 
tile, flexible, reliable, cost effective EPROM makes a 
product easier to design, manufacture and service. 
Until recently, however, EPROMs could not match 
the performance needs of high-end systems. The 
27960CX was designed to support the 80960CA em- 
bedded processor. It utilizes the burst interface to 
otter near zero wait-state performance without the 
high cost normally associated with this performance. 

In embedded designs, board space and cost must 
be kept at a minimum without impacting perform- 
ance and reliability. The 27960CX removes the need 
for expensive high-speed shadow RAM backed up 
by slow EPROM or ROM for non-volatile code stor- 
age. Code optimization concerns are reduced with 
“off-chip” code fetches no longer crippling to sys- 
tem performance. FONTs can be run directly out of 
these EPROMs at the same performance as high- 
speed DRAMs. With the 27960CX, the EPROM is 
the ideal code or FONT storage device for your 
80960CA system. 


Architecture 

The 27960CX provides a no-glue, synchronous burst 
interface to the 80960CA’s bus. It operates in pipe- 
lined or non-pipelined modes. Internally, the 
27960CX is organized in 4 byte blocks which are 
accessed sequentiall y. A b urst access begins on the 
first clock pulse after ADS and CS are asserted. The 
address of the 4 byte b lock is latched on the rising 
edge of clock following ADS. After a preset number 
of waii-siaies ( i or 2), daia is ouipui one byie ai a 
time on each subsequent clock cycle. A burst ac- 
cesses terminated on the rising edge of clock with 
BLAST asserted. High performance outputs provide 
zero wait-state data to data accesses at clock fre- 
quencies up to 33 MHz. Extra power and ground 
pins dedicated to the outputs reduce the effects of 
fast output switching on device performance. 

The pipelining capability of the 27960CX allows the 
address to overlap the last data byte of the burst, 
further optimizing bus band width in 80960CA appli- 
cations. In the pipelined mode, with a non-buffered 
interface, the 27960CX delivers 4 bytes of data in 
6 clock cycles at 33 MHz. In a 32-bit configuration, 
this translates into a read bandwidth of 88 Mbytes/ 
sec. Performance capability of the 27960CX in dif- 
ferent 80960CA systems is given in Table I. 


*CERQUAD is available in a socket only version. 
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Figure 2. 27960CX Burst EPROM Signal Set 
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Table 1. Performance Capability 




33 MHz 2 WS Non-Buffered: 4 Words /6 Clock Cycles — * 88 Mbytes/Sec 


ADDR 

A 00 

WS WS — , — — A 0 i WS ws — — — 

A 02 WS 

DATA 

— 

— — Doo D 01 Dq2 Dq 3 — — Dio Dn D 12 

D13 — 

PCLK 

Cl 

C2 C3 C4 C5 Cg C7 Ci C2 C3 C4 C5 

c 6 Cl 



25 MHz 2 WS Buffered: 4 Words/6 Clock Cycles — > 66 Mbytes/Sec 


ADDR 

A 00 

WS I WS I — | — 1 — | Aqi ! WS I WS I — j — | — I 

a 02 ws 

DATA 

’ — 

C\J 

Q 

Q 

0 

Q 

1 

1 

CO 

Q 

CM 

O 

Q 

0 

Q 

0 

0 
O 

1 

1 

D13 — 

PCLK 

Ci 

C2 1 C 3 | C 4 1 C 5 | C 6 | C 7 1 C-I 1 C 2 | C 3 1 c 4 | c 5 

C 6 Ci 



20 MHz 1 WS Buffered: 4 Words /5 Clock Cycles — ► 64 Mbytes/Sec 


ADDR 

A 00 

WS — — — Aqi WS — — • — A02 WS 


DATA 

— 

“ Doo D 0 1 D 0 2 D 0 3 — Dio Du D12 D13 — 


PCLK 

Ci 

C2 C3 C4 C5 C 6 Ci C2 C3 C4 C5 Ci 




16 MHz 1 WS Buffered: 4 Words /5 Clock Cycles — * 51 Mbytes/Sec 


ADDR 

A 00 

WS — — — Aqi ws — — — a 02 ws 


DATA 

— 

— Doo Dqi Dq2 Dq3 — Dio D11 D12 D13 — 


PCLK 

Ci 

C2 C3 C4 C5 C 6 Ci C2 C3 C4 C5 Ci 




Figure 3. 27960CX 44 Lead PLCC/CERQUAD Pinout 
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PIN DESCRIPTIONS 


Symbol 

Pin 

Function 

a 0 -a 16 

23-39 

ADDRESS INPUTS: During a burst operation, A 2 -A -16 provides the 
base address pointing to a block of four consective bytes. Aq and A-j 
select the first byte of the burst access. The 27960CX latches 
addresses in the first clock cycle. An internal address generator 
increments addresses Aq and A 1 for subsequent bytes of the burst. 

D 0 -D 7 

6 , 7, 10, 

11, 13, 14, 

17, 18 

DATA INPUTS/OUTPUTS 

ADS 

42 

ADDRESS STROBE: Indicates the start of a new bus access. ADS is 
active low in the first clock cycle of a bus access. 

CS 

3 

CHIP SELECT: Master device enable. When asserted (active low) 
data can be written to and read from the device. In read mode, CS 
enables the state machine and the I/O circuitry. 

NOTE: 

1 . The address decode path is independent of CS, i.e., X and Y 
decoding is always powered up. 

2. For programming, CS should remain low for the entire cycle. 

Program and verify functions are done one byte at a time. 

3. CS going high does not terminate a concurrent burst cycle. 

BLAST 

1 

BURST LAST: Terminates a concurrent burst data cycle at the rising 
edge of the CLK. It must be asserted by the fourth data byte. 

RESET 

22 

ASYNCHRONOUS RESET INPUT: Resets the state machine into a 
known state, tri-states the outputs and puts address latches into the 
flow through mode. RESET must be asserted for a minimum of 10 
clock cycles. At least 5 clock cycles are required after deassertion of 
RESET before beginning the next cycle. RESET will abort a concurrent 
bus cycle. 


43 

PROGRAM-PULSE CONTROL INPUT 

Vpp 

2 

PROGRAMMING POWER SUPPLY 


5, 8 , 12 , 
15,19, 21 

GROUND 

Vcc 

9,16, 20, 44 

SUPPLY VOLTAGE INPUT 
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INTERFACE EXAMPLE 

Overview 

This example illustrates 8-, 16- and 32-bit wide 
27960CX interfaces to the 80960CA. The designs 
offer a simple “no-glue” interface. 

A non-buffered 27960CX system organized as 256K 
x 32 is shown in Figure 4A. Since the 27960CX is 
capable of driving a 80 pF load, large, non-buffered 
systems can be implemented by stacking up to 2 
banks of 4 EPROMs, resulting in a 256K x 32 memo- 
ry subsystem. The input capacitive load seen 


on the address lines (due to the EPROM only) is 
24 pF for a 1 28K x 32 system and 48 pF for a 256K x 
32 system. The EPROM is specified at 6 pF for input 
capacitance (15 pF max) and 12 pF typical for out- 
put capacitance. Larger systems can be implement- 
ed with buffers (Figure 4B). 

Chip Select Logic 

High order address lines are decoded to provide CS. 
Qualification with other signals is not required. The 
chip select logic can be implemented with standard 
asynchronous decoders, PAL’s or PLD’s (like Intel’s 
85C508). 



Figure 4A. 256K x 32 Non-Buffered Burst EPROM Memory System 



290236-5 


Figure 4B. Buffered Burst EPROM Memory System 
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Schematics In a non-buffered, 16-bit system (Figure 6A) BE1 

and A 2 conn ect to the lower order address bits of 
Figure 5 shows a non-buffered, 128K x 32 27960CX the 27960CX. BE1 connects to Aq of both EPROMs, 
EPROM system. while A 2 connects to both A-j’s. 


Chip select logic, the only external logic that is re- In a non-buffered, 8-bit system (Figure 6B) BEO and 

quired for this interface, can be derived from the BE1 connect to Aq and A-j respectively, 

global system chip select circuitry. 



Figure 5. 128K x 32 27960CX Burst EPROM System 



Figure 6A. 27960CX Burst EPROM in a 16-Bit System 


5-197 








Figure 6B. 27960CX Burst EPROM in a 8-Bit System 


Waveforms 

Figure 7 shows the timing waveforms of a 27960CX 
pipelined read in a 32-bit system. 


CS Setup Time 

CS setup time is the time between CS being assert- 
ed and the first CLK rising edge (during the address 
cycle). Since a memo ry ac cess begins on the first 
CLK rising edge after ADS and CS are asserted, a 
minimum CS setup time of 5 ns (tsvCH) at 33 MHz is 


required. With the 80960CA’s maximum valid acF 
dress delay of 18 ns at 33 MHz, 7 ns remains for CS 
decoding logic. 

Bootup 

The wait state configuration (1 or 2), of the 27960CX 
is programmed by the user into the 80960CA Region 
Table parameters of NRAD, NRDD, and NXDA. 
NRDD is always 0 for the 27960CX. 
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NOTES: 

1. The EPROM can also operate in non pipelined mode i.e, next address and ADS can be asserted in the clock cycle 
following the last data word of the burst. 

2 . 2 - 0 - 0-0 Burst Read — > 2 indicates the number of wait states to access the first word 

0 ’s indicate the number of wait states for subsequent data words: 

0 in this case! 

3. 27960CX latches addresses on the falling edge of clock cycle 1 after sampling CS and ADS it has an intern al ad d ress 
generator which increments addresses for subsequent words of the burst. It ignores the states of A 2 , A 3 and BE0-BE3 
during a burst. 

Figure 7. Two Cycles of a 27960CX 2 Wait State 4 Byte Read (2-0-0-0 Burst Read) in a 32 Bit System 


During boot-up (Figure 8), the 80960CA picks up it’s 
Region Table data from addresses FFFF FFOO; 
FFFF FF04; FFFF FF08 and FFFF FFOC. Only the 
least significant byte of each of the above four 32-bit 
accesses is used to configure the Region Table. For 
boot-up, the wait-state parameters NRAD and NXDA 
default to 31 and 3 respectively. During boot-up, the 
27960CX will wrap around the first word o f the fo ur- 
word burst and hold the first word until BLAST is 
asserted. 


always assumed. The example below shows how 
the 27960C2-33 tavcoh timing was derived. 

@33 MHz the clock cycle is —30 ns. 
tov2 of the 80960CA is 3 ns - 16 ns. 

Typical 2 ns guardband. 

27960C2-33 tavcoh = 30 ns - 16 ns - 2 ns 
= 12 ns 


27960CX DEVICE NAMES 

The device names on the 27960CX were derived as 
mnemonics that correspond to the number of wait 
states and expected operating frequency for the de- 
vice. For example, the 25 MHz, 2 wait state 
27960CX is named 27960C2-25. 


AC TIMING DERIVATIONS 

The AC timings for the 27960CX were generated 
specifically to meet the requirements of the 
8096QCA microprocessor. In each case the applica- 
ble 80960CA clock frequency and AC timing were 
taken together with an address buffer delay (if need- 
ed) and a typical 2 ns guardband to generate the 
27960CX AC timing. Worst case timings were 


On timings where the EPROM is faster than the mi- 
croprocessor, we specified the time required by the 
EPROM and left the excess time as additional sys- 
tem guardband. 

Decoders are needed for the systems chip select 
decoding. For the 27960CX timings we assumed a 
10 ns chip select decoder for 20 MHz and 16 MHz 
and a 7 ns decoder for 25 MHz and 33 MHz 
systems. The example below shows how the 
27960C2-33 tsvch timing was derived. 

@33 MHz the clock cycle is -30 ns. 

tov2 the 80960CA is 3 ns - 16 ns. 

Decoder = 7 ns 

27960C2-33 tsvch = 30 ns - 16 ns - 7 ns 
= 7 ns 
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Figure 8. 27960CX/80960CA Bootup Timing 
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Figure 9. 27960CX Burn in Biasing Diagram 


System Buffering Considerations 

For large system applications buffering may be re- 
quired between the microprocessor and memory de- 
vices. The 25, 20 and 16 MHz 27960CX AC timings 
take this into account. For applications not requiring 
buffering these devices will provide additional sys- 
tem guardband. 

The list below shows the buffers used in generating 
the 27960CX timings: 


Input Output 

Buffer Buffer 


25 MHz 

8 ns 

5 ns 

20 MHz 

10 ns 

7 ns 

16 MHz 

10 ns 

7 ns 


Note that the 25 MHz buffers are slightly faster in 
keeping with the increased sensitivity for higher per- 
formance. Significantly faster buffers are available 
for applications requiring them. The example below 
shows the tchqv timing analysis for a buffered 
27960C2-25. 

@25 MHz the clock cycle is ~40 ns. 

t|Hi of the 80960CA is 5 ns. 

Output buffer for 25 MHz = 5 ns 

27960C2-25 tcHQV = 40 ns - 5 ns - 5 ns 
= 30 ns 
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ABSOLUTE MAXIMUM RATINGS* 

Read Operating Temperature 0°C to + 70°C( 8 ) 

Case Temperature Under Bias . . - 10°C to + 80°C( 8 ) 
Storage Temperature -65°C to + 125°C 

All Input or Output Voltages 

with Respect to Ground -0.6V to + 6.5V( 4 ) 

Voltage on Ag 

with Respect to Ground -0.6V to + 13.0V( 4 ) 

Vpp Supply Voltage 

with Respect to Ground -0.6V to + 14.0V( 4 ) 

Vqc Supply Voltage 

with Respect to Ground -0.6V to + 7.0V( 4 ) 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings " may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions ” is not recommended and ex- 
tended exposure beyond the “ Operating Conditions” 
may affect device reliability. 


READ OPERATION 


DC CHARACTERISTICS 0°C <T A +70°C,V C c = 5V ±10%,TTL Inputs 


Symbol 

Parameter 

Notes 

Min 

Max 

Unit 

Test Condition 

Ili 

Input Load Current 



1 

fxA 

V| N = 5.5V 

Ilo 

Output Leakage Current 



10 

julA 

V 0 UT = 5.5V 

Ipp 

Vpp Load Current Read 



10 

/jlA 

Vpp = 0 to Vqq, PGM = Vm 

ISB 

Vqc Standby 

Switching 

2 


45 

mA 

CS = V| H , f = 33 MHz 

Stable 

2 


30 

mA 

i 

> 

II 

|CO 

lo 

icc 

Vqq Active Current 

1,3,7 


125 

mA 

CS = V| L , f = 33 MHz, 
l0UT = 0 m A 

V|L 

Input Low Voltage 

4 

-0.5 

0.8 

V 


V|H 

Input High Voltage 


2.0 

Vqq + 1 

V 


VoL 

Output Low Voltage 



0.45 

V 

Iql = 2.1 mA 

VoH 

Output High Voltage 

5 

00 

d 

1 

o 

£ 


V 

Ioh = -100 julA 

Ioh = “400 jllA 

5 

2.4 


V 

los 

Output Short Circuit 

6 


100 

mA 

■ 


NOTES: 

1 . Maximum current is with outputs unloaded. 

2. Ice standby current assumes no output loading i.e., Iqh = k)L = 0 mA - 

3. Ice is the sum of current through Vcc 3 + Vcc 4 and does not include the current through Vcci and Vcc2- ( v cci and 
V CC2 supply power to the output drivers. Vcc 3 and Vcc 4 supply power to the reset of the device.) 

4. Minimum DC input voltage on input and output pins is -0.5V. During transitions, this level may undershoot to -2.0 V for 
periods less than 20 ns. 

5. Maximum DC voltage on input and output pins is Vcc + 0.5 V which may overshoot to Vcc + 2.0V for periods less than 
20 ns. 

6. One output shorted for no more than one second, los is sampled but not 100% tested. 

7. Ice max measured with a 0.11 juF capacitor between Vcc and Vgs- 

8. This specification defines commercial product operating temperatures. 
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EXPLANATION OF AC SYMBOLS 

The nomenclature used for timing parameters are as 
per IEEE STD 662-1980 IEEE Standard Terminology 
for Semiconductor Memory. 

Each timing symbol has five characters. The first is 
always a “t” (for time). The sec ond c haracter repre- 
sents a signal name, e.g., (CLK, ADS, etc.). The third 
character represents the signal’s level (high or low) 
for the signal indicated by the second character. The 
fourth character represents a signal name at which a 
transition occurs marking the end of the time interval 
being specified. 


The fifth character represents the signal level indi- 
cated for the fourth character. The list below shows 
character representations. 


A: 

Address 

R: 

Reset 

B: 

BLAST 

Q: 

Data 

C: 

Clock 

S: 

CS 

H: 

Logic High Level 

t: 

Time 

L: 

ADS/ Logic Low Level 

V: 

Valid 

P: 

Vpp Programming Voltage 

Z: 

Tri-state Level 

X: 

No longer a valid “driven” 

logic 

level 


AC CHARACTERISTICS: READ OPERATION o°C < T A < + 70°C, v cc = 5V ±10% 


Versions 

27960C2-33 

27960C2-25 

27960C1-20 

27960C1-16 

Unit 

33 MHz 

2 Wait State 

25 MHz 

2 Wait State 

20 MHz 

1 .Wait State 

16 MHz 

1 Wait State 

No. 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

1 

UvCoH 

Address Valid to 

CLK High 

CLK 0 

12 


10 


14 


22 


ns 

2 

fC N HAX 

CLK High to 

Address Invalid 

2 

0 


0 


0 


0 


ns 

3 

tLLCH 

ADS low to CLK High 

CLK 0 

8 


8 


14 


22 


ns 

4 

fCHLH 

CLK high to ADS High 

5 

6 

22 

6 

32 

6 

36 

6 

40 

ns 

5 

fSVCH 

CS Valid to 

CLK High 

1 

7 


7 


6 


14 


ns 

6 

tC N HSX 

CLK High to 

CS Invalid 

2 

0 


0 


0 


0 


ns 

7 

tCHQV 

CLK High to Data Valid 

7 


27 


30 


35 


40 

ns 

8 

tCHQX 

CLK High to Data Invalid 


5 


5 


5 


5 


ns 

9 

tCHQZ 

CLK High to Data High Z 

6 


25 


30 


30 


30 

ns 

10 

tBVCH 

BLAST Valid to 

CLK High 


8 


8 


14 


22 


ns 

11 

tCHBX 

CLK High to 

BLAST Invalid 

3 

6 

22 

6 

32 

6 

36 

6 

40 

ns 


NOTES: 

1. Valid signal level is meant to be either a logic high or logic low. 

2. The subscript N represents the number of wait states for this parameter. CS can be de-asserted (high) after the number 
of wait states (N) has expired and the EPROM will continue to burst out data for the current cycle. 

3. BLAST# must be returned high before the next rising clock edge. 

4. The sum of tcHQV + t A vCH + Nqlk wi| l not equal actual t A vov if independent test conditions are used to obtain t A vcH 
andJcHQv (N = number of wait states). 

5. ADS must be returned high before the next rising clock edge. 

6. Sampled, not 100% tested. The transition is measured ±500 mV from steady state voltage. 

7. For capacitive loads above 80 pF, tcHQV can be derated by 1 ns/20 pF. 
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Figure 10. 27960CX Pipelined 2 Wait State AC Waveforms 
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AC CONDITIONS OF TEST 

Input Rise and Fall Times 

(10% to 90%). : 4 ns Input Timing Reference Level 1.5V 


Input Pulse Levels 0.45V to 2.4V Output Timing Reference Level 1 .5V 

Table 2. Mode Table 


Mode 

CS 

PGM 

BLAST 

ADS 

RESET 

a 9 

Vpp 

Vcc 

OUTPUT 

Read 

VlL 

V| H 

V| H <1> 

Vih* 2 ) 

V|H 

X 

Vcc 

Vcc 

Dout 

Stand by v«) 

VIH 

X 

X 

X 

V|H 

X 

VCC (i>) 

V CC 

Hignz 

Program 

V|L 

VlL 

V|H 

V|H< 2 > 

V|H 

X 

(3) 

(3) 

Din 

Program Verify 

V|L 

V|H 

Vih* 1 ' 

Vih 

V| H 

X 

(3) 

(3) 

d OUT 

Program Inhibit 

V| H 

X 

X 

X 

V| H 

X 

(3) 

(3) 

High Z 

ID Byte 0: Manufacturer 

V|L 

V|H 

Vih* 1 ) 

V,h*2) 

V| H 

V|D<3> 

Vcc 

Vcc 

89H 

ID Byte 1: Part (27960) 

V|L 

V| H 

Vih* 1 * 

V,h*2) 

V| H 

V| D (3) 

Vcc 

Vcc 

E0H 

ID Byte 2: CX 

VlL 

V| H 

Vih* 1 ' 

V|H*2) 

V|H 

V|D* 3 ) 

Vcc 

Vcc 

01 B 

ID Byte 3: 1 Wait State 

2 Wait States 

V|L 

V| H 

Vih* 1 ) 

Vih* 2 ) 

V|H 

V| D * 3 ) 

Vcc 

Vcc 

01B 

10B 

Reset 

X 

X 

X 

X 

V|L 

X 

Vcc 

Vcc 

High Z 


NOTES: 

1. Vih until data terminated at which time BLAST must go to V||_. 

2. Need to toggle from Vih to Vil to V|h- 

3. See DC Programming Characteristics for Vcc. Vid and Vpp voltages. 

4. X can be V|i_ or Vm- 

5. Vpp = Vcc to meet standy current specification. Vcc > V pp > Vi l will ca use a slight increase in standby current. 

6. The device must be in the idle state (by asserting RESET or using BLAST) before going into standby. 


CAPACITANCE(I) T A = 25°C, f = 1.0 MHz 


Symbol 

Parameter 

Typ 

Max 

Unit 

Condition 

C|N 

Input Capacitance 

4 

6 

pF 

V|N = 0V 

C OUT 

Output Capacitance 

12 

15 

PF 

VoUT = 0V 

Cvpp 

Vpp Capacitance 

40 

45 

PF 

V|N = 0V 


NOTE: 

1. Sampled. Not 100% tested. 
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AC INPUT/OUTPUT REFERENCE WAVEFORMS 



Input and output timings are measured from 1 .5V. 
Timing values are specified assuming maximum input 
and output rise and fall time — 4 ns. 


AC TESTING LOAD CIRCUIT 



CLOCK CHARACTERISTICS 


Versions 

33 MHz 

25 MHz 

20MHz 

16 MHz 

Units 

Symbol 

Parameter 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

CLK 

Period 

30.3 


40 


50 


62.5 


ns 

tpR 

Rise Time 

1 

4 

1 

4 

1 

4 

1 

4 

ns 

tpF 

Fall Time 

1 

4 

1 

4 

1 

4 

1 

4 

ns 

tpL 

Low Time 

(t/2) - 2 

t/2 

(t/2) - 3 

t/2 

(t/2) - 4 

t/2 

(t/2) - 4 

t/2 

ns 

tpH 

High Time 

(t/2) - 2 

t/2 

(t/2) - 3 

t/2 

(t/2) - 4 

t/2 

(t/2) - 4 

t/2 

ns 


Max Rise Time for Programming CLK = 100 ns 


CLOCK WAVEFORM 



290236-16 
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Program/Program Verify 

Initially, and after each erasure, all bits of the 
EPROM are in the ‘Ts” state. Data is introduced by 
selectively programming “0’s” into the desired bit 
locations. Although only “0’s” can be programmed, 
both “Vs” and “0’s” can be present in the data 
word. Ultraviolet erasure is the only way to change 
“0’s” to “Vs”. 

Programming mode is entered when Vpp is raised to 
12.75V. Program/Verify operation is synchronous 
with the clock and can only be initiated following an 
idle state. Program and Program Verify take place in 
3 clock cycles. In the first clock cycle, addresses 
and data are input and programming occurs. Pro- 
gram Verify follows in the second clock cycle and 
the third clock cycle terminates synchronous Pro- 
gram/Verify operation, returning the state machine 
to the idle state with outputs at high impedance. 

As in the Read mode, A 2 -A -16 point to a four byte 
block in the memory array. During programming, the 
internal address increment circuitry is disabled and 
the programmer must supply Aq and Ai to point to 
an individual byte within the four byte block that is to 
be programmed. Only one byte is programmed in 
each 3 cycle Program/Verify sequence. 


Program Inhibit 

The Program Inhibit mode allows parallel program- 
ming and verification of multiple devices with differ- 
ent data. With Vpp at 12.75V, a Program/Verify se- 
quence is initiated for any device that receives a val- 
id ADS p ulse a nd rising clock edge while CS is as- 
serted. A PGM pulse programs data in the first cycle 
of the sequence and data for Program Verify is out- 
put in the second cycle. The Program/Verify se- 
quence is inhibited on any devices for which CS is 
not asserted. Data will not be programmed and the 
outputs will remain in their high impedance state. 


int e ligent Identifier™ Mode 

The device’s manufacturer, product type, and con- 
figuration are stored in a four byte block that can be 
accessed by using the int e ligent IdentifierTM mode. 


The programmer can verify the device identifier and 
choose the programming algorithm that corresponds 
to the Intel 27960CX. The int e ligent Identifier can 
also be used to verify that the product is configured 
with the desired Read mode options for wait states. 

int e ligent Identifier mode is entered when Ag (pin 32) 
is raised to its high voltage (V|d) level. The internal 
state machine is then set for intelligent Identifier 
Read operation. Reading the identifier is similar to a 

I IOUU upoi UllUI I vjl I Ci Ul IO V V Gil l OIUIG UUI I I IGjGII GU pi UU“ 

uct. Up to four bytes can be read in a single burst 
access, inte ligent Id entifier read is terminated by a 
synchronous BLAST input, returning the state ma- 
chine to the idle state with outputs at high imped- 
ance. 

The four byte block code for the int e ligent Identifier 
code is located at address 00H through 03H and is 
encoded as follows: 


MEANING 

(AI, AO) 

DATA 

Intel ID 

Byte 00 

89h 

27960 

Byte 01 

EOh 

CX 

Byte 10 

01b 

1 Wait State 

Byte 1 1 

01b 

2 Wait States 

Byte 1 1 

10b 


RESET MODE 

Due to the synchronous nature of the 27960CX, the 
various operating modes must be initiated from a 
known idle state. During normal operation, the inter- 
nal state machine returns to an idle sta te at the ter- 
mination of a bus access (after BLAST is asserted). 

During initial device power up, the state machine is 
in an indeterminant state. The reset mode is provid- 
ed to force operation into the idle state. Reset mode 
is entered when the RESET pin is asserted. Output 
pins are asynchronously set to the high impedance 
state and address latches are put into the flow 
through mode. A reset is successfully completed 
and the state machine set in an idle state when 
RESET has been asserted for a minimum of 10 
clock cycles and deasserted for five clock cycles. 
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Figure 11. Quick-Pulse ProgrammingTM Algorithm 


5-208 





27960CX 




inteT 


ERASURE CHARACTERISTICS 
(FOR WINDOWED DEVICES) 

Exposure to light of wavelength shorter than 4000 
Angstroms begins erasure. Sunlight and some fluo- 
rescent lamps have wavelengths in the 3000-4000 
Angstrom range. Constant exposure to room-level 
fluorescent light can erase the EPROM array in 
about 3 years (about 1 week for direct sunlight). 
Opaque labels over the window will prevent uninten- 
tional erasure under these lighting conditions. 

The recommended erasure procedure is exposure 
to 2537 Angstrom ultraviolet light. The minimum in- 
tegrated erasure time using a 12000 fW/cm2 ultravi- 
olet lamp is approximately 15 to 20 minutes. The 
EPROM should be placed about 1 inch from the 
lamp. The maximum integrated dose is 7258 
Wsec/cm2 (1 week @ 12000 fW/cm 2 ). High intensi- 
ty UV light exposure for longer periods can cause 
permanent damage. 


QUICK-PULSE PROGRAMMINGtm 
ALGORITHM 

The Quick-Pulse Programming algorithm programs 
Intel’s 27960CX. Developed to substantially reduce 
programming throughput time, this algorithm allows 
optimized equipment to program a 27960CX in un- 
der 17 seconds. Actual programming time depends 
on the programmer used. 

The uuick-Puise Programming aigoritnm uses a 
100 jlls pulse followed by a byte verification to deter- 
mine when the addressed byte is correctly pro- 
grammed. The algorithm terminates if 25 100 jis 
pulses fail to program a byte. Figure 1 1 shows the 
27960CX Quick-Pulse Programming algorithm flow- 
chart. 

The entire program-pulse/byte-verify sequence is 
performed with Vcc = 6.25V and Vpp = 1 2.75 V. 
The program equipment must establish Vcc before 
applying voltages to any other pins. When program- 
ming is complete, all bytes should be compared to 
the original data with Vcc = 5.0V and Vpp = 
12.75V. 


D.C. PROGRAMMING CHARAC 


ERISTICS T a = 25° ±5°C 


Symbol 

Parameter 

Notes 

Min 

Max 

Unit 

Condition 

lu 

Input Load Current 



10 

fxA 

V|N = V|H orV| L 

>cc 

Vcc Program Current 

1 


125 

mA 

CS = V| L 

lp P 

Vpp Program Current 

1 


50 

mA 

^1 

> 

II 

lo 

V|L 

Input Low Voltage 


-0.5 

0.8 

V 


V|H 

Input High Voltage 


2.0 


mm 


Vol 

Output Low Voltage(Verify) 



0.40 

mm 


VoH 

Output High Voltage(Verify) 

. 



mm 


V|D 

Ag int e ligent Identifier 
Voltage 

: 



D 


Vcc 

Supply Voltage (Program) 

2 

. . 1 

6.0 

6.5 

V 


Vpp 

Program Voltage 

2 

12.5 

13.0 

V 




NOTES: 

1 . The maximium current value is with outputs unloaded. 

2. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 

3. During programming clock levels are Vm and V||_. 
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A.C. PROGRAMMING, RESET AND ID CHARACTERISTICS o°C < T A < + 70°C 


No. 

Symbol 

Parameter 

Notes 

Min 

Max 

Unit 

1 

tAVPL 

Address Valid to PGM Low 


2 


JJLS 

2 

tCHAX 

CLK High to Address Invalid 


50 


hs 

3 

tLLCH 

ADS Low to CLK High 

1 

50 


ns 

4 

tCHLH 

CLK High to ADS High 

2 

m 


ns 

5 

*SVCH 

CS Valid to CLK High 


KM 


K!K 

6 

tCHSX 

CLK High to CS Invalid 

3 



ns 

7 

tCHQV 

CLK High to Dqut Valid 


100 


ns 

8 


CLK High to Dout Invalid 


0 


ns 

9 

tBVCH 

BLAST Valid to CLK High 


50 


ns 

10 


CLK High to BLAST Invalid 

4 

50 



11 

tQVPL 

DATA Valid to PGM Low 


2 


JXS 

12 

tpLPH 

PGM Program Pulse Width 




fXS 

13 

tPHQX 

PGM High to Din Invalid 


2 


fXS 

14 

tCLPL 

CLK Low to PGM Low 


50 



15 

tQZCH 

Din Tri-State to CLK High 


2 



16 

tvcs 

Vqc Program Voltage to CLK High 

7 

2 



17 

*VPS 

Vpp Program Voltage to CLK High 

7 

2 


JXS 

18 

tAgHCH 

Ag Vid Voltage to CLK High 


2 



19 

tCHAgX 

CLK High to Ag Not V|p Voltage 


2 


juts 

20 

tRVCH 

RESET Valid to CLK High 

6 



ns 

21 


CLK High to CLK Low 

5 



ns 

22 

tCLCH 

CLK Low to CLK High 

5 

100 


ns 


NOTES: 

1. If CS is low, ADS can go low no sooner than the falling edge of the previous CLK. 

2. AD S must return high prior to the next rising edge of clock. 

3. CS mus t remain low until after the rising edge of CLK1 . 

4. BLAST must return high prior to the next rising edge of CLK. 

5. Max CL K rise/fall time is 100 ns. 

6. RESET must be low for 10 clock cycles and high for 5 clock cycles. 

7. Vqc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
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27960KX 

BURST ACCESS 1M (128K x 8) CHMOS EPROM 


■ Synchronous 4-Byte Data Burst Access ■ 

■ Simple Interface to the 80960KA/KB 

■ High Performance Clock to Data Out 

— Zero Wait State Data-to-Data Burst m 
— Supports 16, 20 and 25 MHz 
80960KA/KB Devices 


Asynch Microcontroller Reset Function 

— Returns to Known State with High Z 
Outputs 

CHMOS* lll-E for High Performance and 
Low Power 

— 125 mA Active, 30 mA Standby 

— TTL Compatible inpuis 

1 Mbit Density Configures as 128K x 8 

— Upgrade Path to 512K x 8 


Intel’s 27960KX is a 5V only, 1,048,576 bit, Erasable Programmable Read Only Memory, organized as 128K 
words of 8 bits. It is a member of a new family of high performance EPROMs with synchronous burst access. 

The 27960KX provides a simple synchronous burst interface to the 80960KA/KB bus. Internally the 27960KX 
is organized in 4 byte blocks, in which each byte is accessed sequentially. The internal state machine is factory 
configured to generate either 1 or 2 wait-states between the address and first data byte. High performance 
outputs provide zero wait-state data to data accesses at clock frequencies up to 25 MHz. 


An asynchronous microcontroller RESET feature puts the outputs in the high impedance state and takes the 
internal state machine to a known state where a new burst access can begin. 

The 27960KX is available in either 44 lead Cerquad (reprogrammable) or PLCC packages. Cerquad allows for 
code changes in the R & D environment while PLCC provides optimum cost effectiveness during production. 
Two No Connects (NC) on the package allow for an upgrade to 4 Mbits (51 2K x 8). 

The 27960KX is manufactured on Intel’s 1 micron CHMOS lll-E technology. The Quick-Pulse ProgrammingTM 
algorithm provides fast, reliable programming with throughput under 1 7 seconds for optimized equipment. 

Cerquad is available in a socket only version. 

*CHMOS is a patented process of Intel Corporation. 
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Figure 1. 27960KX Burst EPROM Block Diagram 
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27960KX BURST EPROM Architecture 

EPROMs are established as the preferred code stor- The 27960KX provides a simple, synchronous burst 

age device in embedded applications. The non-vola- interface to the 80960KA/KB’s bus. Internally, the 

tile, flexible, reliable, cost effective EPROM makes a 27960KX is organized in 4 byte blocks each byte is 

product easier to design, manufacture and service. accessed sequentially^ burst access begins on the 

Until recently, however, EPROMs could not match first clock pulse after CS is asserted. The address of 

the performance needs of high-end systems. The the f our byte block is latched by the rising edge of 

27960 KX was designed to support the 80960KA/KB ALE. After a preset number of wait-states (1 or 2), 

embedded processor. It utilizes the burst interface to data is output one byte at a time on each subse- 

offer near zero-wait state performance without the quent clock cycle. A burst access is terminated on 

high cost normally associated with this performance. the rising edge of CLOCK if BLAST is asserted. High 

performance outputs provide zero wait-state data to 
In embedded designs, board space and cost must data accesses at clock frequencies up to 25 MHz. 

be kept at a minimum without impacting perform- Extra power and ground pins dedicated to the out- 

ance and reliability. The 27960KX removes the need puts reduce the effects of fast output switching on 

for expensive high-speed shadow RAM backed up device performance, 

by slow EPROM or ROM for non-volatile code stor- 
age. Code optimization concerns are reduced with The 27960KX delivers 4 bytes of data in 8 clock 

“off-chip” code fetches no longer crippling to sys- cycles at 25 MHz and 4 bytes of data in 7 clock 

tern performance. FONTS can be run directly out of cycles at 20 MHz. In a 32-bit configuration, this 

these EPROMs at the same performance as high- translates into a read bandwidth of 50 Mbytes/sec 

speed DRAMs. With the 27960KX, the EPROM is and 45 Mbytes/sec respectively. Performance capa- 

the ideal code or FONT storage device for your bility of the 27960KX in different 80960KA/KB sys- 

80960KA/KB system. terns is given in Table 1. 



Figure 2. 27960KX Burst EPROM Signal Set 
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Figure 3. 27960KX 44-Lead PLCC/CERQUAD Pinout 


PIN DESCRIPTIONS 


Symbol 

Pin 

Function 

A 0 -A 16 : 

23-39 

ADDRESS INPUTS: During a burst operation, A 2 and A^g provide the base 
address pointing to a block of four consecutive bytes. Aq and A-| select the first 
byte of the burst access. The 27960KX latches valid addresses in the first clock 
cycle. An internal address generator increments addresses Aq and A-j for 
subsequent bytes of the burst. 

D 0 -D 7 : 

6, 7, 10, 11, 

13, 14, 17, 18 

DATA INPUTS/OUTPUTS 

ALE 

42 

ADDRESS LATCH ENABLE: Indicates the transfer of a physical address. ALE is 
an active low signal used to latch the addresses from the processor. Addresses 
are latched on the rising edge of ALE. Valid addresses must be present at or 
before ALE becomes valid. 

CS 

3 

CHIP SELECT: Master device enable. When asserted (active low) data can be 
written to and read from the device. In read mode, CS enables the state machine 
and the I/O circuitry. 

NOTES: 

1 . The address decode path is independent of CS, i.e., X and Y decoding is always 
powered up. 

2. For programming, CS should remain low for the entire cycle. Program and verify 
functions are done one byte at a time. 

3. CS going high does not terminate a concurrent burst cycle. 

4. CS must be deasserted between bursts. 

BLAST 

1 

BURST LAST: Terminates a concurrent burst data cycle at the rising edge of the 
CLK. It must be asserted by the fourth data byte. 

RESET 

22 

ASYNCHRONOUS RESET INPUT: Resets the state machine into a known state, 
tri-states the outputs and puts address latches into the flow through mode. The 
duration of RESET should be 10 CLK cycles minimum. At least 5 clock cycles are 
required after deassertion of RESET before beginning the next cycle. Reset will 
abort a concurrent bus cycle. 
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PIN DESCRIPTIONS (Continued) 


Symbol 

Pin 

Function 

PGM 

43 

PROGRAM-PULSE CONTROL INPUT 


2 

PROGRAMMING POWER SUPPLY V PP 

Vss 

5, 8,12, 

15, 19,21 

GROUND 

V CC 

9, 16, 20, 44 

SUPPLY VOLTAGE INPUT 


Table 1. Performance Capability 


25/20 MHz 

2 WS 

NON-BUFFERED 

: 4 WORDS/8 CLOCK 

CYCLES -> 50/40 MBYTES/SEC 

ADDR 

Aoo 

WS 

WS 

- 

- 

- 

- 

RS 

A 01 

WS 

WS 

- 

- 

- 

- 

RS 

DATA 

- 

- 

- 

Doo 

Doi 

D 02 

D03 

- 

- 

- 


Dio 

D 11 

D 12 

Dl3 


CLK 

Cl 

C 2 

C 3 

c 4 

C 5 

c 6 

C 7 

C 8 

Cl 

c 2 

C 3 

C 4 

C 5 

^6 

C 7 

c 8 

20 MHz 1 WS NON-BUFFERED : 4 

WORDS/7 

CLOCK CYCLES 

— > 

45 MBYTES/SEC 


ADDR 

Aoo 

WS 

- 

- 

- 

- 

RS 

A 01 

WS 


- 

- 

- 

RS 

A03 

WS 

DATA 

- 

- 

Doo 

Doi 

D 02 

Do3 

- 

- 

- ' 

Dio 

D 11 

Dl2 

D 13 




CLK 

Ci 

c 2 

C 3 

C 4 

C 5 

C 6 

c 7 

Cl 

c 2 

C 3 

c 4 

c 5 

^6 

c 7 



16 MHz 1 WS BUFFERED : A 

WORDS/7 CLOCK CYCLES — ► 

36 MBYTES/SEC 



ADDR 

Aoo 

WS 

- 

- 

- 

- 

RS 

A 01 

WS 

- 

- 

- 


RS 

Aq3 

WS 

DATA 

- 


Doo 

Doi 

D 02 

Do3 


- J 

- ■ 

Dio 

Du 

D 12 

D 13 




CLK 

Ci 

c 2 

C 3 

C 4 

C 5 

^6 

C 7 

Ci 

C 2 

c 3 

c 4 

c 5 

c 6 

C 7 




INTERFACE EXAMPLE 

Overview 

The following design offers a simple interface to the 
80960KA/KB’s bus. 

A non-buffered 27960KX burst EPROM system is 
shown in Figure 4. Since the 27960KX is capable of 
driving a 120 pF load, large, non-buffered systems 
can be implemented by stacking up to 2 banks of 4 
EPROMs, giving a memory size of 256K x 32. The 
input capacitive load seen on the address lines (due 
to the EPROM only) is 24 pF for a 128K x 32 


system (shown) and 48 pF for a 256K x 32 system. 
The EPROM is specified at 4 pF for input capaci- 
tance and 12 pF typical for output capacitance. 
Larger systems can be implemented with buffers. 

Chip Select Logic 

High order address lines are decoded to provide CS. 
Qualification with other signals is not required. The 
chip select logic can be implemented with standard 
asynchronous decoders, PAL’s or PLD’s (like Intel’s 
85C960). 
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NOTE: 

27960KX does not require address latches 


Figure 4. 128K x 32 Burst EPROM System 

Waveforms CS Deassert between bursts 

Figure 5 shows the timing waveforms of 27960KX After every EPROM read (one to four words) CS 
reads in a 32-bit system. must be deasserted. 


CS setup time 

CS setup time is the time between CS asserted and 
the first rising CLK edge of CLK (during the address 
cycle). Since a memory access begins on the first 
CLK rising edge after CS asserted, a minimum CS 
setup time of 5 ns (tsvCH) at 25 MHz IS required. 
With the 80960 KA/KB’s maximum valid address de- 
lay of 18 ns at 25 MHz, 13 ns remains for CS decod- 
ing logic. 


Reset and RESET 

The 27960KX uses RESET. The 80960 KA/KB 
RESET signal must be inverted for the 27960KX. 

Clock Phase 

The initial rising edge of CLK and CLK2 must be in 
phase with as small a skew as possible. 
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A WS D D D D RC A WS D D D D RC 

CLK 



NOTES: 

1. 1 -0-0-0 Burst Read — > 1 indicates the number of wait states to access the first word 

O’s indicate the number of w ait states for subsequent data words (0 in this case) 

2. 27960KX latches addresses on the rising edge of ALE: it has an internal address generator which increments ad- 
dresses for subsequent words of the burst. 


Figure 5. Two Cycles of a 27960KX 1 Wait State, 4-Byte Read (1 -0-0-0 Burst Read) in a 32-Bit System 


27960KX DEVICE NAMES 

The device names on the 27960KX were derived as 
mnemonics that correspond to the number of wait 
states and expected operating frequency for the de- 
vice. For example, the 25 MHz, 2 wait state 
27960KX is named 27960K2-25. 


AC TIMING DERIVATIONS 

The AC timings for the 27960KX were generated 
specifically to meet the requirements of the 
80960KA/KB microprocessor. In each case the ap- 
plicable 80960KA/KB clock frequency and AC tim- 
ing were taken together with an address buffer delay 
(if needed) and a 4 ns positive clock skew or a 2 ns 
negative clock skew (see Figure 6A) guardband to 
generate the 27960KX AC timing. Examples of clock 


generation circuits (like Figures 6B and 6C) with de- 
tailed analysis and PAL equations will be made avail- 
able in a separate Applications note. Worst case tim- 
ings were always assumed. The example below 
shows how the 27960K1-20 tavcoh timing was de- 
rived. 

@20 MHz the clock cycle is ~50 ns. 
t 6 of the 80960KA/KB is 2-20 ns. 

4 ns clock skew guardband. 

27960K1-20 tavcgh = 50 ns - 20 ns - 4 ns 
= 26 ns 

On timings such as this, where the EPROM is faster 
than the microprocessor, we specified the EPROM’s 
timing leaving the excess time as system guard- 
band. 
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NOTE: 

The 27960 KX allows a positive clock skew (CLK2 leading CLK) of up to 4 ns and a negative clock skew (CLK2 lagging 
CLK) of up to 2 ns. The larger positive clock skew takes into account longer trace lengths and heavier loading on the lx 
clock trace. 


Figure 6A. Definition of Positive and Negative Clock Skew 



290237-12 

NOTE: 

CLK and CLK2 are generated by the same PAL. This minimizes skew between CLK and CLK2. Both PAL outputs are fed 
to a 74F244 driver. The EPROMs should be as close to the clock driver as possible. 


Figure 6B. Example Clock Circuit with Minimum Skew 
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Figure 6C. Example Clock Circuit Using a 100 MHz Oscillator 


Decoders are needed for the systems address (chip 
select) decoding. For the 27960KX’s timings we as- 
sumed a 5-10 ns chip select decoder for 16 MHz 
and 20 MHz frequencies and a 5-9 ns decoder for 
25 MHz systems. The example below shows how 
the 27960K2-25 tsvch timing was derived. 

@25 MHz the clock cycle is — 40 ns. 
t 6 of the 80960KA/KB is 2-18 ns. 

Decoder = 9 ns 
4 ns clock skew guardband 

27960K2-25 tsvch = 40 ns - 18 ns - 9 ns - 4 ns 
= 9 ns 


SYSTEM BUFFERING CONSIDERATIONS 

For many large system applications buffering may 
be required between the microprocessor and memo- 
ry devices. The 20 MHz - 2 WS and 16 MHz 
27960 KX AC timings take this into account. For ap- 
plications at these frequencies not requiring buffer- 
ing these devices will provide an additional 5-10 ns 
of system guardband. 


The list below shows the buffers used in generating 
these timings: 



Input 

Output 


Buffer 

Buffer 

20 MHz 

9 ns 

5 ns 

16 MHz 

10 ns 

7 ns 


The 20 MHz buffers are slightly faster in keeping 
with the increased sensitivity for higher perform- 
ance. We chose the above buffers because of their 
wide availability. Significantly faster buffers are avail- 
able for applications requiring them. The example 
below shows tchqv for the 27960K2-20. 

@20 MHz the clock cycle is —50 ns. 
tio of the 80960KA/KB is 3 ns. 

Output buffer for 20 MHz = 7 ns. 

4 ns clock skew guardband 

27960K2-20 tchqv = 50 ns - 7 ns - 3 ns - 4 ns 
= 36 ns 
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ABSOLUTE MAXIMUM RATINGS* 

Read Operating Temperature 0°C to + 70°C( Q ) 

Case Temperature under Bias . . - 10°C to + 80°C( 8 ) 

Storage Temperature -65°C to + 1 50°C 

All Input or Output Voltages - 0.6V to + 6.5V( 4 ) 

with Respect to Ground 

Voltage on A 9 - 0.6V to + 1 3.0V( 4 ) 

with Rfisnent to Ground 

Vpp Supply Voltage - 0.6V to + 1 4.0V( 4 ) 

with Respect to Ground 

Vcc Supply Voltage -0.6V to + 7.0V( 4 ) 

with Respect to Ground 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“ Operating Conditions" is not recommended and ex- 
tended exposure beyond the “ Operating Conditions" 
may affect device reliability. 


DC CHARACTERISTICS: READ OPERATION 

0°C < Ta < + 70°C, Vcc = 5V ± 10%, TTL Inputs 


Symbol 

Parameter 

Notes 

Min 

Max 

Unit 

Test Condition 

Ili 

Input Load Current 



1 

/xA 

V| N = 5.5V 

>LO 

Output Leakage Current 



10 

julA 

V 0 UT = 5.5V 

Ipp 

Vpp Load Current Read 



10 

jllA 

Vpp — 0 to VcCi PGM = V|h 

ISB 

Vcc Standby 

Switching 

2 


45 


CS = V|h, f = 25 MHz 

Stable 

2 


30 


CS = V,H 

Icc 

Vcc Active Current 

1,3,7 



mA 

CS = V| L , f = 25 MHz, Iqut = 0 mA 

VlL 

Input Low Voltage 

4 

-0.5 




V|H 

Input High Voltage 


2.0 




VOL 

Output Low Voltage 





Iol = 2.1 mA 

V<DH 

Output High Voltage 

5 

00 

0 

1 

o 

o 

> 


V 

lOH = ~100 jutA 

5 

2.4 


V 

Iqh = “400 JwA 

los 

Output Short Circuit 

6 


100 

mA 



NOTES: 

1. Maximum current is with outputs unloaded. 

2. Ice standby current assumes no output loading, i.e., Iqh = Iol = 0 m A. 

3. Ice is the sum of current through Vqc 3 + Vcc 4 and does not include the current through Vcci and Vcc2- (Vcci and 
Vcc2 supply power to the output drivers. Vcc3 and Vcc 4 supply power to the rest of the device.) 

4. Minimum DC voltage on input and output pins is -0.5V. During transitions, this level may undershoot to -2.0 V for 
periods less than 20 ns. 

5. Maximum DC voltage on input and output pins is Vqc + 0.5 V which may overshoot to Vcc + 2.0V for periods less than 
20 ns. 

6. One output shorted for no more than one second. Iqs is sampled but not 100% tested. 

7. Ice max measured with a 0.1 1 jaF capacitor between Vcc and Vss- 

8. This specification defines commercial product operating temperatures. 
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EXPLANATION OF AC SYMBOLS 

The nomenclature used for timing parameters are as 
per IEEE STD 662-1980 IEEE Standard Terminology 
for Semiconductor Memory. 

Each timing symbol has five characters. The first is 
always a “t” (for time). The sec ond c haracter repre- 
sents a signal name, e.g., (CLK, ALE, etc.). The third 
character represents the signal’s level (high or low) 
for the signal indicated by the second character. The 
fourth character represents a signal name at which a 
transition occurs marking the end of the time interval 
being specified. 


The fifth character represents the signal level indi- 
cated for the fourth character. The list below shows 
character representations. , 


A: 

Address 

R: 

Reset 

B: 

BLAST 

Q: 

Data 

C: 

Clock 

S: 

CS 

H: 

Logic High Level 

t: 

Time 

L: 

ALE/ Logic Low Level 

V: 

Valid 

P: 

Vpp Programming Voltage 

Z: 

Tri-state level 

X: 

No longer a valid “driven” 

logic 

level 


AC CHARACTERISTICS: READ OPERATION o °C < T A < + 70°C, V cc = 5V ± 10 % 


Versions 

27960K2-25 

27960K1-20 

27960K2-20 

27960K1-16 

Unit 

25 MHz 

2 Wait States 

20 MHz 

1 Wait State 

20 MHz 

2 Wait States 

16 MHz 

1 Wait State 

No 

Symbol 

Characteristic 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

1 

UvC 0 H 

Address Valid to 

CLK High 

CLK 0 

12 


18 


10 


15 


ns 

2 

UVLH 

Address Valid 
to ALE High 


10 


10 


10 


10 


ns 

3 

t|_LLH 

ALE Low to ALE High 


12 


12 


12 


12 


ns 

4 

t|_HAX 

ALE High to 

Address Invalid 


8 


8 


8 


8 


ns 

5 

tSVCH 

CS Valid 
to CLK High 

1,5 

5 


8 


7 


8 


ns 

6 

tC N HSX 

CLK High toCS 

Invalid 

2 

0 


0 


0 


0 


ns 

7 

tCHQV 

CLK High to Data Valid 

7 

■ 

33 


43 


38 


45 

ns 

8 

*CHQX 

CLK High to Data Invalid 


7 


7 


7 


7 


ns 

9 

tCHQZ 

CLK High to Data High-Z 

6 


30 


35 


35 


35 

ns 

10 

fBVCH 

BLAST Valid to 

CLK High 


15 


15 


15 


15 


ns 

11 

fCHBX 

CLK High to 

BLAST Invalid 

3 

' 5 

35 

5 

45 

5 

45 

5 

45 

ns 


NOTES: 

1 . Valid signal level is meant to be either a logic high or logic low. 

2. tc N HSX— The subscript N represents the number of wait states for this parameter. CS can be de-asserted (high) after the 
nu mber of wait states (N) has expired. The EPROM will continue to burst out data for the current cycle. 

3. BLAST must be returned high before the next rising clock edge. 

4. The sum of tcHQV + Uvch + NCLK will not equal actual t A vov if independent test conditions are used to obtain t A vCH 
andJcHQV (N = number of wait states). 

5. CS must be deasserted after every burst read (see Figure 7). 

6. Sampled, not 100% tested. The transition is measured ±500 mV from steady state voltage. 

7. For capacitive loads above 1 20 pF, tcHQV can be derated by 1 ns/20 pF. 
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AC CONDITIONS OF TEST 

Input Rise and Fall Times 
(10% to 90%) 4 ns 

Input Pulse Levels 0.45V to 2.4V 

Input Timing Reference Level 1 .5V 

Output Timing Reference Level 0.8V and 2.0 V 


Table 2. Mode Table 


MODE 

CS 

PGM 


ALE 

RESET 

a 9 

Vpp 



Read 




V,h*2) 

V|H 

XW 

Vcc 

Vcc 


Standby (6) 

V|H 

X 

X 

X 

V|H 

X 

Vcc^ 5 ) 


1 

Program 



V|H 

Vih* 2 ) 

V|H 

X 



1 

Program Verify 

V|L 

V|H 

V|H (1) 

Vih 


X 


(3) 

■ 

Program Inhibit 

V|H 

X 

X 

X 


X 

(3) 

(3) 


ID Byte 0: Manufacturer 

V|L 

V|H 

Vih* 1 ' 

V|h<2> 


V| D (3) 

Vcc 



ID Byte 1: Part (27960) 

V|L 

V| H 

Vih* 1 ) 

V|h*2) 

V| H 

V| D (3) 

Vcc 

Vcc 

E0H 

ID Byte 2: KX 

VlL 

V| H 

Vih* 1 ) 

V|H<2) 

V|H 

V,D* 3 ) 

Vcc 

Vcc 

00B 

ID Byte 3: 1 Wait-State 

2 Wait-States 

V|L 

V|H 

Vih* 1 ) 

V,h*2) 

V|H 

V |D* 3 ) 

Vcc 

Vcc 

01 B 

10B 

Reset 

X 

X 

X 

X 

V|L 

X 

Vcc 

Vcc 

High Z 


NOTES: 

1. V|h until data terminated at which time BLAST must go to V|i_. 

2. Need to toggle from V|h to V|[_ to Vih to latch address. 

3. See DC Programming Characteristics for Vcc. V|p and Vpp voltages. 

4. X can be V|i_ or Vm- 

5. Vpp = Vcc to meet standby current specification. Vcc > Vpp > Vj|_ will c ause a slight increase in standby current. 

6. The device must be in the idle state (by asserting RESET or using BLAST) before going into standby. 
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CAPACITANCE(I) T A = 25°C,f = 10 MHz 


Symbol 

Parameter 

Typ 

Max 

Unit 

Condition 

C|N 

Input Capacitance 

4 

6 

pF 

> 

o 

II 

z 

> 

C<0UT 

Output Capacitance 

12 

15 

PF 

VoUT 

C V pp 

Vpp Capacitance 

40 

45 

PF 

> 

o 

II 

z 

> 


NOTE: 

1. SamntaH nnt 100% taster! 


AC INPUT/OUTPUT REFERENCE WAVEFORMS AC TESTING LOAD CIRCUIT 



CLOCK CHARACTERISTICS 


Versions 

25 MHz 

20 MHz 

16 MHz 

Units 

Symbol 

Parameter 

Min 

Max 

Min 

Max 

Min 

Max 

CLK 

Period 

40 


50 


62.5 


ns 

T 5 

Rise Time 


10 


10 


10 

ns 

T 4 

Fall Time 


10 


10 


10 

ns 

t 2 

Low Time 

7 


8 


11 


ns 

t 3 

High Time 

7 


8 


11 


ns 


Max CLK Rise Time during Programming is 100 ns 


CLOCK WAVEFORM 



290237-16 
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Program/Program Verify 

Initially, and after each erasure, all bits of the 
EPROM are in the “Vs” state. Data is introduced by 
selectively programming “O’s” into the desired bit 
locations. Although only “O’s” can be programmed, 
both “Vs” and “O’s” can be present in the data 
word. Ultraviolet erasure is the only way to change 
“O’s” to “Vs”. 

Program mode is entered when Vpp is raised to 
12.75V. Program/Verify operation is synchronous 
with the clock and can only be initiated following an 
idle state. Program and Program Verify take place in 
3 clock cycles. In the first clock cycle, addresses 
and data are input and programming occurs. Pro- 
gram Verify follows in the second clock cycle and 
the third clock cycle terminates synchronous Pro- 
gram/Verify operation, returning the state machine 
to the idle state with outputs at high impedance. 

As in the Read mode, A 2 -A 16 point to a four byte 
block in the memory array. During Programming the 
internal address increment circuitry is disabled and 
the programmer must supply Aq and Ai to point to 
an individual byte within the four byte block that is to 
be programmed. Only one byte is programmed in 
each 3 cycle program/Verify sequence. 


Program Inhibit 

Program Inhibit mode allows parallel programming 
and verification of multiple devices with different 
data. With Vpp at 12.75V, a Program/ Verify se- 
quence is initiated for any device that receives a val- 
id ALE p ulse a nd rising clock edge while CS is as- 
serted. A PGM pulse programs data in the first cycle 
of the sequence and data for Program Verify is out- 
put in the second cycle. The Program/Verify se- 
quence is inhibited on any de vices for which CS is 
not asserted during the first (ALE) cycle. Data will 
not be programmed and the outputs will remain in 
their high impedance state. 


int e ligent Identifier™ Mode 

The device’s manufacturer, product type, and con- 
figuration are stored in a four byte block that can be 


accessed by using the int e ligent Identifier^ mode. 
The programmer can verify the device identifier and 
choose the programming algorithm that corresponds 
to the Intel 27960KX. The int e ligent Identifier can 
also be used to verify that the product is configured 
with the desired Read mode options for wait states. 

Int e ligent Identifier mode is entered when Ag (pin 
32) is raised to its high voltage (Vh) level. The inter- 
nal state machine is then set for int e ligent Identifier 
Read operation. Reading the Identifier is similar to a 
Read operation on a one wait state configured prod- 
uct. Up to four bytes can be read in a single burst 
access. int e li gent Ide ntifier read is terminated by a 
synchronous BLAST input, returning the state ma- 
chine to the idle state with outputs at high imped- 
ance. 


The four byte block code for the int e ligent Identifier 
code is located at address 00H through 03H and is 
encoded as follows: 


MEANING 

(A-| , A 0 ) 

DATA 

Intel ID 

Byte 00 

89h 

27960 

Byte 01 

EOh 

KX 

Byte 10 

00b 

1 wait state 

Byte 11 

01b 

2 wait states 

Byte 11 

10b 


RESET MODE 

Due to the synchronous nature of the 27960KX, the 
various operating modes must be initiated from a 
known idle state. During normal operation, the inter- 
nal state machine returns to an idle sta te at the ter- 
mination of a bus access (after BLAST is asserted). 

During initial device power up, the state machine is 
in an indeterminant state. The reset mode is provid- 
ed to force operation in to the idle state. Reset mode 
is entered when the RESET pin is asserted. Output 
pins are asynchronously set to the high impedance 
state and address latches are put into the flow 
through mode. A reset is successfully completed 
and the st ate ma chine set in an idle state in the 
cycle after RESET has been asserted for a minimum 
of 1 0 clock cycles and deasserted for five clock cy- 
cles. 
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Figure 8. Quick-Pulse ProgrammingTM Algorithm 
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ERASURE CHARACTERISTICS 
(FOR VWMDOWED DEVICES) 

Exposure to light of wavelength shorter than 4000 
Angstroms begins erasure. Sunlight and some fluo- 
rescent lamps have wavelengths in the 3000-4000 
Angstrom range. Constant exposure to room-level 
fluorescent light can erase the EPROM array in 
about 3 years (about 1 week for direct sunlight). 
Opaque labels over the window will prevent uninten- 
tional erasure under these lighting conditions. 

The recommended erasure procedure is exposure 
to 2537 Angstrom ultraviolet light. The minimum in- 
tegrated erasure time using a 12000 fW/cm2 ultravi- 
olet lamp is approximately 15 to 20 minutes. The 
EPROM should be placed about 1 inch from the 
lamp. The maximum integrated dose is 7258 Wsec/ 
cm2 (1 week @ 12000 fW/cm2). High intensity UV 
light exposure for longer periods can cause perma- 
nent damage. 


QUICK-PULSE PROGRAMMING 
ALGORITHM 

The Quick-Pulse Programming algorithm programs 
Intel’s 27960KX. Developed to substantially reduce 


programming throughput time, this algorithm allows 
optimized equipment to program a 27960KX in un- 
der 1 7 seconds. Actual programming time depends 
on the programmer used. 

The Quick-Pulse Programming algorithm uses a 
100 /ns pulse followed by a byte verfication to deter- 
mine when the addressed byte is correctly pro- 
grammed. The algorithm terminates if 25 100jns 
pulses fail to program a byte. Figure 8 shows the 
27960KX Quick-Pulse Programming algorithm flow- 
chart. 

The entire program-pulse, byte-verify sequence is 
performed with Vcc = 6.25V and Vpp = 12.75V. 
The programming equipment must establish Vcc be- 
fore applying voltages to any other pins. When pro- 
gramming is complete, all bytes should be compared 
to the original data with Vcc = 5.0V and Vpp = 
12.75V. 


D.C. PROGRAMMING CHARACTERISTICS t a = 25°C ±5°C 


Symbol 

Parameter 

Notes 

Min 

Max 

Unit 

Test Condition 

Ili 

Input Load Current 



10 

jaA 

Vin = V| H or V|l 

•cc 

Vcc Program Current 

1 


125 

mA 

CS = V, L 

Ipp 

Vpp Program Current 

1 


50 

mA 

Ol 

col 

II 

< 

1— 

V|L 

Input Low Voltage 


-0.5 

0.8 

V 


V|H 

Input High Voltage 


2.0 

V C c + 0.5 

V 


VOL 

Output Low Voltage (Verify) 



0.40 

V 

Iol = 2.1 mA 

VOH 

Output High Voltage (Verify) 


V CC -0.8 


V 

Iqh = “400 jutA 

V|D 

Ag inteligent Identifier Voltage 


11.5 

12.5 

V 


Vcc 

Supply Voltage (Program) 

2 

6.0 

6.5 

V 


Vpp 

Program Voltage 

2 

12.5 

13.0 

V 



NOTES: 

1 . The maximum current value is with outputs unloaded. 

2. Vcc must be applied simultaneously or before Vpp and remove simultaneously or after Vpp. 

3. During programming clock levels are V|h and V||_. 
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AC PROGRAMMING, RESET AND ID CHARACTERISTICS o°C < T A < +70°C 


No 

Symbol 

Parameter 

Notes 

Min 

Max 

Units 

1 

tAVPL 

Address Valid to PGM Low 


2 


jus 

2 

tCHAX 

CLK High to Address Invalid 


50 


ns 

3 



1 

50 


ns 

4 


CLK High to ALE High 

2 

50 


ns 

C 

U 

....... 

•■svut-i 

oo y/~i;^4 4.^ m v u;~u 

WW V UIIU iV/ WUI \ • llVjl 1 


50 


no 

6 

tCHSX 

CLK High to CS Invalid 

3 



ns 

7 

tCHQV 

CLK High to Dqut Valid 




ns 

8 

*CHQX 

CLK High to Dout Invalid 


0 


ns 

9 

tBVCH 

BLAST Valid to CLK High 


50 


ns 

10 

tCHBX 

CLK High to BLAST Invalid 

4 

50 


ns 

11 

tQVPL 

DATA Valid to PGM Low 


2 


JLlS 

12 

tpLPH 

PGM Program Pulse Width 


95 


JLtS 

13 

tpHQX 

PGM High to Din Invalid 


2 


JLtS 

14 

|| 

CLK Low to PGM Low 


50 


ns 

15 


Din in Tri-State to CLK High 


2 


JLtS 

16 

tvcs 

Vcc Program Voltage to CLK High 

7 

2 


JLLS 

17 

*VPS 

Vpp Program Voltage to CLK High 

7 

2 


JLtS 

18 


Ag V|d Voltage to CLK High 


2 


JLtS 

19 


CLK High to A9 not V|d Voltage 


2 


JLtS 

20 


RESET Valid to CLK High 

6 

50 


ns 

21 

tCHCL 

CLK High to CLK Low 

5 

100 


ns 

22 

tCLCH 

CLK Low to CLK High 

5 

100 


ns 


NOTES: 

1. If CS is low, ALE can go low no sooner than the falling edge of the previous CLK. 

2. ALE must return high prior to the next rising edge of clock. 

3. CS mus t remain low until after the rising edge CLK1. 

4. BLAST must return high prior to the next rising edge of CLK. 

5. Max CL K rise/fall time is 100 ns. 

6. RESET must be held low for 10 cycles and high for 5 cycles before performing a read. 

7. Vcc must be applied simultaneously or before Vpp and removed simultaneously or after Vpp. 
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INTRODUCTION 

This application note describes the design of a circuit to 
interface the 27960CX burst EPROM to Motorola’s 
68030 microprocessors (/xP). The 68030 jaP is capable 
of burst mode operation, accessing a maximum of four 
long words (long word = 32 bits) during a burst cycle. 

A 2-0-0-0 burst operation (2 wait states for the first 
word access and zero wait state for subsequent access- 
es) is possible at 25 MHz using the 27960C2-25 burst 
EPROM. At 33 MHz, a 3-0-0-0 operation is possible 
using the 27960C2-33 burst EPROM. This memory in- 
terface monitors control signals from the jxP, provides 
handsha ke logic for the /xP and generates ADS and 
BLAST signals for the EPROMs. It also monitors 


cache burst request (CBREQ) and cache in hibit (CIIN) 
signals from the jxP, and generates BLAST as appropri- 
ate. 

Two designs are considered for this interface, a 33- 
MHz system and a 25/20 MHz system. The 33-MHz 
interface can be implemented with a 16R4-7 PAL, four 
74F374 latches and a D-type flip/flop. The latches are 
required because the 68030 latches data on the falling 
edge of the clock, while the 27960 provides data on the 
rising edge of clock. The latches provide plenty of setup 
and hold time. The 25/20 MHz interface can be imple- 
mented with a 16R4-7 PAL and a couple of D-type 
flip/flops, but requires a delayed clock for the PAL and 
EPROMs. Because the clock is delayed no latches are 
required. 


1.0 SIGNAL DEFINITIONS 


FUNCTION CODES 


ADDRESS BUS 


DATA BUS 


TRANSFER SIZE 




C 




ASYNCHRONOUS 
BUS CONTROL 


CACHE CONTROL -\ 


SIZ0 


SIZ1 


OCS 


ECS 


R/W 


RMC 


AS 


DS 


DSACK0 


DSACK1 


CIIN 



cioUt 


CBREQ 


CBACK w 




MC68030 


«■= 

IPL1 


IPEND ^ 

^ AVEC 

BR I 

Vg 

^ BGACK 

RESET I 

^ HALT 

„ BERR 

^ STERM 1 

4 j 

REFILL 1 

STATUS 

CDlS 

^ MMUDIS 

CLK 

* 

o 

o 

> 

rGND 


INTERRUPT 

CONTROL 


BUS ARBITRATION 
CONTROL 


BUS EXCEPTION 
CONTROL 


SYNCHRONOUS 
BUS CONTROL 


EMULATOR 

SUPPORT 
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Figure 1. MC68030 Functional Signal Groups 
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1.1 68030 Signals 

This section describes 68030 ju,P signals which are rele- 
vant to this interface. 

1.1.1 ECS (Output) 

Provides an indication that a bus cycle is beginning. 
The external cycle start (ECS) signal is the earliest indi- 
cation that the is initiat'* 10 ^ a bus cycle. The 
MC68030 initiates a bus cycle by driving the address, 
size, function code, c ache inhibit-out, and read/write 
outputs and asserting ECS. 


1.1.6 DBEN (Output) 

The data buffer enable signal (DBEN) can be used to 
enable external data buffers while da ta is pre sent on the 
data bus. During a read operation DBEN is asserted 
one clock cycle after the beginning of the bus cycle, and 
is nega ted as DS is negated. In a write operation, 
DBEN is asserted at the time AS is asserted , and is held 
active for the duration of the cycle. DBEN timings may 
prevent the use of a synchronous system using two- 
clock bus cycles. 


1.1.7 STERM (Input) 


1.1.2 ADDRESS BUS 

The address bus signals (A0-A31) define the address of 
the byte (or the significant byte) to be transferred dur- 
ing a bus cycle. The jaP places the address on the bus at 
the beginning of a bus cycle. The address is valid while 
AS is asserted. 

1.1.3 AS (Output) 

The address strobe (AS) is a timing signal that indicates 
the validity of an address on the address bus and of 
many control signals. It is asserted one half clock after 
the beginning of a bus cycle. 


1.1.4 DATA BUS 

The data bus signals (D0-D31) run on a bi-directional, 
non-multiplexed, parallel bus that contains the data be- 
ing transferred to or from the jllP. A read or write oper- 
ation may transfer 8, 16, 24 or 32 bits of data (one, two, 
three or four bytes) in one bus cycle. During a read 
cycle the data is latched by the ju,P on the last falling 
edge of the clock for that bus cycle. 

1.1.5 DS (Output) 

The data strobe (DS) is a timing signal that applies to 
the data bus. For a read cycle the jaP asserts DS to 
signal the external device to place data on the bus. It is 
asserted at the same time as AS during a read cycle. 
For a write cycle DS signals to the external device that 
the data to be written is valid. The /xP asserts DS one 
full clock cycle after the assertion of AS during a write 
cycle. 


This input is a bus handshake signal indicating that the 
addressed port size is 32 bits and that data is to be 
latched on the next falling clock edge for a read cycle. 
This signal applies only to synchronous operation. For 
synchronous bus cycles, exter nal device s assert the syn- 
chronous termination signal (STERM) as part of the 
bus prot ocol. During a read cycle, the assertion of 
STERM causes the ju-P to latch the data. During a 
write cycle, it indicates that the external device has suc- 
cessfully stored the data. In either case, it terminates 
the cycle, and indicates that the transfer was made to a 
32-bit port. 


1.1.8 CBREQ (Output) 


This three-state output signal requests a burst mode 
operation to fill a line in the instruction or data cache. 


1.1.9 CBACK (Input) 



This input signal indicates that the accessed device can 
operate in the burst mode, and can supply at least one 
more long word for the instruction or data cache. 


1.1.10 CNN (Input) 

This input signal prevents data from being loaded into 
the MC68030 instruction and data caches. It is a syn- 
chronous input sig nal an d is interpreted on a bus-cycle- 
by-bus-cycle basis. CIIN is ignored during all write cy- 
cles. 
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1.2 27960 EPROM Control Signals 

1.2.1 ADS: ADDRESS STROBE 

Indicates the start of a new bus access. It is active low 
in the first clock cycle of a bus access. 


1.2.2 BLAST: BURST LAST 

Terminates a concurrent burst data cycle at the rising 
edge of CLK. Must be asserted by the fourth data 
word. 

1.2.3 CS: CHIP SELECT 

Master device enable. When asserted (active low) data 
can be written to and read from the device. In read 
mode, CS, enables the state machine and the I/O cir- 
cuitry. A me mory a ccess begins on the firsrt rising edge 
of clock after ADS and CS are asserted. CS can be de- 
asserted after the number of wait-states, N, has expired, 
and the EPROM will continue to burst out data for the 
current cycle. If CS is de-asserted during the wait-state 
period the burst access will be aborted. 


2.0 INTERFACE REQUIREMENTS 

The interface logic is designed to work in burst mo de, 
with the synchronous termination signal, STERM, as 
the handshake for the jaP indicating EPROM readiness 
for a burst transfer. The interfa ce logic will mon itor 
control s ignals from thejxP, i.e., ECS, A S, DBEN and 
CBREQ an d generat e A DS and BL AST signals for the 
27960 an d STERM and CBACK signals for the juP. 
STERM will be asserted by the interface logic after the 
number of w ait states , N, has ex pired. The logic will 
also mo nitor CBREQ and CIIN signals and generate 
BLAST as appropriate. 

Figures 2 and 3 show schematics of the 68030/27960 
Burst EPROM interfaces. 


3.0 CIRCUIT DESCRIPTION 

This section describes the burst mode operation of the 
68030 fxP followed by a brief description of the inter- 
face circuits (Figures 2 and 3). Figure 2 shows a 
33 MHz design which allows 3-0-0-0 burst operation; 
Figure 3 shows a 25/20 MHz design which allows a 
2-0-0-0 and a 1 -0-0-0 burst operation at 25 MHz and 
20 MHz respectively. 
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Figure 2. 33-MHz 68030/27960 EPROM Interface 

5-237 


( 



292064-2 



cn 


AP-329 






Figure 3. 25/20-MHz 68030/27960 EPROM Interface 
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The circuits are designed to operate in a 32-bit burst mode. Four long words (long word = 32 bits) may be 
transferred during a single burst operation. Figure 4 shows a burst operation cycle. 


BURST OPERATION 


H 


CYCLE 1 


CYCLE 2 


CYCLE 3 


/ FIRST ACCESS OF \ / 

Y BURST OPERATION \/ 


/M 


OR PREFETCH 
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BURST FILL CYCLE 


N/ BURST FILL CYCLE N/ 




/N. 


CYCLE 4 


BURST FILL CYCLE 


N/ 

/\ 
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* 
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Figure 4. Burst Operation Cycles 


The circuits also allow address wrap around so that the entire four long words in the cache line can be filled in a 
single burst operation regardless of the initial address. Figure 5 shows a burst filling wrap-around example. 
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Figure 5. Burst Filling Wrap-Around Example 


The initial cycle is a long word access from address $06. Because the interface logic returns CBACK and STERM 
(signalin g a 32-bit port), the entire long word at base address $04 is transferred. Since the initial address is $06 when 
CBREQ is asserted, the next entry to be burst filled into the cache should correspond to address $08, then $0C, and 
last, $00. 


The 68030 juP does not assert CBREQ during the first portion of a misaligned access if the remainder of the access 
does not correspond to the same cache line. Figure 6 shows an example in which the first portion of a misaligned 
access is at address $0F. With a 32-bit port the first access corresponds to the cache entry at address $0C, which is 
filled using a single-entry load operation. Th e second access at address $10 (corresponding to the second cache line) 
requests a burst fill and the processor asserts CBREQ. During this burst operation long words $10, $14, $18 and $1C 
are all filled, and in that order. 
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Figure 6. Deferred Burst Filling Example 


The jmP does not assert CBREQ if the cycle is for the first access of an operand that spans two cache lines (crosses a 
modulo 16 boundary). 


3.1 ADS Generation 


Figure 7 shows the timing of ADS for the 33-MHz desig n of Fig ure 2. A 4-bit counter is implemented in t he PA L 
which is used for timing of ADS, STERM, CBACK, and BLAST. Assertion of AS enables the 4-bit counter. ADS is 
asserted following Count 1 (CNT1), and de-asserted at Count 2 (CNT2). 
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Figure 7. ADS Generation for 33-MHz Circuit of Figure 2 
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For the 25/20-MH z system (F igure 3) A DS is refer- 
enced to D CLK (Figure 8A). D CLK is the invert- 

ed and del ayed v ersion of CLK. D CL K is use d for 
generating ADS, STERM, CBACK and BLAST. For 
this d esign a 3-bit counter is implemented in the PAL. 

ADS is asserted when ADS CK clocks the first flip/ 

flop. ADS CK makes the low to high transition when 

both AS and CS are valid. The ne xt risin g edge of D 

CLK resets the first flip/flop, and ADS is pulled high. 
With this implementation data latches are not required, 
aiid a 2-0-0-0 Ox a 1-O-G-O OuxSt Opciaiiun is jjusmuic ai 

25 MHz and 20 MHz respectively. This design buys an 
extra wait state as shown in the timing diagram of Fig- 
ure 10. If the use of delay line is not preferred, then the 
design shown in Figure 2 can be used to provide 3 -0-0-0 
and 2-0-0-0 performance at 25 MHz and 20 MHz re- 
spectively. 


3.2 STERM Generation 

3.2.1 33 MHz DESIGN 


STERM is asserted after the number of wait states, N, 
has expired (N is the number of wait states with respect 
to the EPROM). For the 33-MHz design, a 2 wait-state 
EPROM (27960C2-33) is used , which equates to a 
3 wait state system performance. STERM is asserted on 
count 4 and de-asserted on count 8 (Figure 9). 

3.2.2 25 MHz DESIGN 


For the 25 M Hz design, STERM is asserted on count 3 

(reference to D CLK) and de-asserted on count 7 

(Figure 10). 


3.3 CBACK Generation 


The timing of CBACK is the same as STERM. 


3.4 BLAST Generation 


BLAS T is used to terminate a burst cycle. For a 4- word 
burst BLAST is asserted following the rising edge of 
CLK in the next to last clock cycle (Figures 9 and 10). 


It is also used to terminate a burst operation of less 
than 4 words. Assertion of BLAST during the wait- 
state period is ignored by the E PROM. There are three 
conditio ns for ge neration of BLAST (i.e., BLAST 1 
thr ough BL AST3) which are AND gated to produce 
the BLAST signal for the EPROM: 


3.4.1 BLAST1: (Normal Burst End) 

BLAST 1 is use d to term inate a 4-word burst. For the 
33-MHz design BLAST 1 is asserted on count 7 and de- 
asserted o n count 8 (Figure 9). Fo r the 25-M Hz design, 

BLAST 1 is asserted on count 6 of D CLK and de-as- 

serted on count 7 of D CLK (Figure 10). 


3.4.2 BLAST2: (Deferred Burst) 

BLAST2 is generated if the juP accesses a misaligned 
operand. Figure 11A shows an access to a misaligned 
operand followed by a deferred burst access. In this 
case the burst operation is deferred because the first 
access corresponds to cache entry at $0C which is ac- 
cessed as a single word. The second access at address 
$10 corresponds to the second cache lin e, and a burst 
request i s made. T he fxP asserts CBREQ during a burst 
request. BLAST2 is used to terminate the single word 
access. F igure 11B shows th e logic for generating 
BLA ST2. The state of CBREQ is monitored, and if it is 
high BLAST2 is asserted on count 4 (after the number 
of wait states, N, has expired) and de-asserted on coi&it 
5. 


3.4.3 BLAST3 


BLAST3 is generated if CIIN is asserted during a burst 
cycle. Figure 12 shows the timing diagram for genera- 
tion of BLAST3. CIIN re sets the fli p/flop, and the next 
rising edge of clock pulls BLAST3 high. 


3.5 Data Latches 

The four data latches latch the 32-bit data on the rising 
edge of CLK (since the 27960 burst EPROM provides 
data on the rising edge of CLK). The 68030 jmP reads 
the data on the falling edge of CLK. The latch es pro- 
vide plenty of setup and hold times for the data. DBEN 
signal is used to enable the data latches. 
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NOTES: 

D__CLK is inverted and delayed version of CLK. 
At = 5 ± 1 ns for 25 MHz System. 

At = 9 ± 1 ns for 20 MHz System. 


Figure 8A. ADS Generation for 25/20 MHz Circuit of Figure 3 



Figure 8B. Circuit for Generating Opposite Phases of CLK 
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Figure 9. 3-0-0-0 4 Word Burst Operation (33 MHz) 
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Figure 10. 2-0-0-0 4-Word Burst Operation (25 MHz) 
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Figure 12. Timing Diagram for Generation of BLAST as Result of CIIN While STERM is Asserted 
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APPENDIX A 


CONTENTS 

i. AC parameters and timing waveforms for the 
27960CX burst EPROM and the 68030 pJP. 

ii. Delay line information. 

EXPLANATION OF AC SYMBOLS 

The nomenclature used for timing parameters are as 
per IEEE STD 662-1980 IEEE Standard Terminology 
for Semiconductor Memory. 

Each timing symbol has five characters. The first is 
always a “t” (for time). The se cond character repre- 
sents a signal name (e.g., CLK, ADS, etc.). The third 
character represents the signal’s level (high or low) for 
the signal indicated by the second character. The fourth 
character represents a signal name at which a transition 
occurs marking the end of the time interval being speci- 
fied. 


The fifth character represents the signal level indicated 
by the fourth character. The list below shows character 
representations. 


A: Address 

R: 

Reset 

B: BLAST 

Q: 

Data 

C: Clock 

S: 

Chip Select 

H: Logic High Level 

t: 

Time 

L: ADS/ Logic Low Level 

V: 

Valid 

P: Vpp Programming Voltage 

Z: 

Tristate Level 


X: No longer a valid “driven” logic level 
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AC CHARACTERISTICS 0°C < T A < +70°C, v C c = 5V +10% 


Versions 

27960C2-33 

27960C2-25 

27960C1-20 

27960C1-16 

Units 

33 MHz 

2 Wait State 

25 MHz 

2 Wait State 

20 MHz 

1 Wait State 

16 MHz 

1 Wait State 

No. 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

1 

UVC 0 H 

Address 

Valid to 

9S « l!—U 

olt\ myi i 

CLK0 

12 


10 


14 


22 


ns 

... 

2 

tc N HAX 

CLK High to 

Address 

Invalid 

2 

0 


0 


0 


0 


ns 

3 

tLLCH 

ADS Low to 
CLK High 

CLK0 

8 


8 


14 


22 


ns 

4 

tCHLH 

CLK High to 
ADS High 

5 

6 

22 

6 

32 

6 

36 

6 

40 

ns 

5 

tSVCH 

Chip Select 
Valid to 

CLK High 

1 

7 


7 


6 


14 


ns 

6 

tC N HSX 

CLK High to 
Chip Select 
Invalid 

2 

0 


0 


0 


0 


ns 

7 

tCHQV 

CLK High to 
Data Valid 

7 


27 


30 


35 


40 

ns 

8 

tCHQX 

CLK High to 
Data Invalid 


5 


5 


5 


5 


ns 

9 

tCHQZ 

CLK High to 
Data Hi-Z 

6 


25 


30 


30 


30 

ns 

10 

tBVCH 

BLAST 

Valid to 

CLK High 


8 


8 


14 


22 


ns 

11 

tCHBX 

CLK High to 
BLAST 

Invalid 

3 

6 

22 

6 

32 

6 

36 

6 

40 

ns 


NOTES: 

1 . Valid signal level is meant to be either a logic high or logic low. 

2. The subscript N represents the number of wait states for this parameter. CS can be de-asserted (high) after the number 
of wait sta tes (N) has expired. The EPROM will continue to burst out data for the current cycle. 

3. BLAST must be returned high before the next rising clock edge. 

4. The sum of tcHQV + Uvch + NCLK will not equal actual t/w/Qv if independent test conditions are used to obtain Iavch 
andtQHQv (N = number of wait states). 

5. ADS must be returned high before the next rising clock edge. 

6. Sampled but not 100% tested. The transition is measured ±500 mV from steady state voltage. 

7. For capacitive loads above 80 pF, tcHQV can be derated by 1 ns/20 pF. 
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Figure 10. 27960CX 2 Wait State AC Waveforms 
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AC ELECTRICAL SPECIFICATIONS — CLOCK INPUT (see Figure 9) 


Num. 

Characteristic 

16.67 MHz 

20 MHz 

25 MHz 

33.33 MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 


Frequency of Operation 

12.5 

16.67 

12.5 

20 

12.5 

25 

20 

33.33 

MHz 

1 

Cycle Time Clock 

60 

80 

50 

80 

40 

80 

30 

50 

ns 

2, 3 

Clock Pulse Width Measured from 1.5 V to 1.5 V 

28 

52 

23 

57 

19 

61 

14 

36 

ns 

4, 5 

Clock Rise and Fall Times 

- 

5 

- 

5 

- 

4 

- 

3 

ns 
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AC ELECTRICAL SPECIFICATIONS — READ AND WRITE CYCLES (V C c = 5.0 Vdc±5%; GND = 0 Vdc; T A = 0 to 70°C; 
see Figures 11 through 16) 


Num. 

Characteristic 

16.67 MHz 

20 MHz { 

25 MHz 

33.33 MHz 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

6 

Clock High to Function Code, Size, RMC, IPEND, CIOUT, 
Address Valid 

0 

30 

0 

25 

0 

20 

0 

14 

ns 

6A 

Clock High to ECS, OCS Asserted 

0 

20 

0 

15 

0 

15 

0 

12 

ns 

6B 

Function Code, Size, RMC, IPEND, CIOUT, 

Address Valid to Negating Edge of ECS 

5 

“ 

4 

— 

3 

— 

3 

- 

ns 

\ 

7 

Clock High to Function Code, Size, RMC, CIOUT, Address, 
Data High Impedance 

0 

60 

0 

50 

0 

40 

0 

30 

ns 

8 

Clock High to Function Code, Size, RMC, IPEND, CIOUT, 
Address Invalid 

0 


0 

— 

0 

- 

0 

— 

ns 

9 

Clock Low to AS, DS Asserted, CBREQ Valid 

3 

30 

3 

20 

3 

18 

2 

10 

ns 

9A 1 

AS to DS Assertion Skew (Read) 

-15 

15 

-10 

10 

-10 

10 

-8 

8 

ns 

9B 14 

AS Asserted to DS Asserted (Write) 

37 

- 

32 

— 

27 

— 

22 

— 

ns 

10 

ECS Width Asserted 

20 

— 

15 

— 

10 

— 

8 

— 

ns 

10A 

OCS Width Asserted 

20 

— 

15 

— 

10 

— 

8 

— 

ns 

10B 7 

ECS, OCS Width Negated 

15 

— 

10 

- 

5 

— 

5 

— 

ns 

11 

Function Code, Size, RMC, CIOUT, Address Valid to AS 
Asserted (and DS Asserted, Read) 

15 

— 

10 

— 

7 

— 

5 

— 

ns 

12 

Clock Low to AS, DS, CBREQ Negated 

0 

30 

0 

20 

0 

18 

0 

10 

ns 

12A 

Clock Low to ECS/OCS Negated 

0 

30 

0 

20 

0 

18 

0 

15 

ns 

13 

AS, DS Negated to Function Code, Size, RMC CIOUT, 
Address Invalid 

15 


10 

— 

7 

— 

5 

— 

ns 

14 

AS (and DS Read) Width Asserted (Asynchronous Cycle) 

100 

— 

85 

— 

70 

— 

45 

- 

ns 

14A 11 

DS Width Asserted (Write) 

40 

— 

38 

- 

30 

- 

23 

— 

ns 

14B 

AS (and DS, Read) Width Asserted (Synchronous Cycle) 

40 

— 

35 

— 

30 

- 

23 

- 

ns 

15 

AS, DS Width Negated 

40 

— 

38 

. - 

30 

- 

23 

- 

ns 

15A 8 

DS Negated to AS Asserted 

35 

— 

30 

- 

25 

- 

18 

- 

ns 

16 

Clock High to AS, DS, R/W, DBEN, CBREQ High Impedance 

— 

60 

— 

50 

- 

40 

— 

30 

ns 

17 

AS, DS Negated to R/W Invalid 

15 

— 

10 

— 

7 

— 

5 

- 

ns 

18 

Clock High to R/W High 

0 

30 

0 

25 

0 

20 

0 

15 ! 

ns 

20 

Clock High to R/W Low 

0 

30 

0 

25 

0 

20 

0 

15 

ns 

21 

R/W High to AS Asserted 

15 

— 

10 

- 

7 

- 

5 

— 

ns 

22 

R/W Low to DS Asserted (Write) 

75 

— 

60 

- 

47 

- 

35 

— 

ns 

23 

Clock High to Data-Out Valid 

— 

30 

— 

25 

— 

20 

— 

14 

ns 

24 

Data-Out Valid to Negating Edge of AS 

12 

- 

8 

— 

5 

- 

3 

- 

ns 

25 11 

AS, DS Negated to Data-Out Invalid 

15 

- 

10 

- 

7 

- 

5 

- 

ns 

25A 9,11 

DS Negated to DBEN Negated (Write) 

15 

— - 

10 

- 

7 

- 

5 

- 

ns 

26" 

Data-Out Valid to DS Asserted (Write) 

15 

— 

10 

— 

7 

- 

5 

- 

ns 

27 

Data-In Valid to Clock Low (Setup) 

5 

— 

4 

- 

2 

- 

1 

- 

ns 

27A 

Late BERR/HALT Asserted to Clock Low (Setup) 

15 

- 

10 

- 

5 

_ 

3 

- 

ns 

28 12 

AS, DS Negated to DSACKx, BERR, HALT, AVEC 

Negated (Asynchronous Hold) 

0 

60 

0 

50 

0 

40 

0 

30 

ns 

28A 12 

Clock Low to DSACKx, BERR, HALT, AVEC Negated 
(Synchronous Hold) 

15 

100 

12 

85 

8 

70 

6 

50 

ns 

29 12 

AS, DS Negated to Data-In Invalid (Asynchronous Hold) 

0 

— 

0 

- 

0 

- 

0 

- 

ns 

29A 12 

AS, DS Negated to Data-In High Impedance 

- 

60 

— 

50 

- 

40 

— 

30 

ns 

30 12 

Clock Low to Data-In Invalid (Synchronous Hold) 

15 

— 

12 

— 

8 

— 

6 

- 

ns 

30A 12 

Clock Low to Data-In High Impedance (Read followed by Write) 

- 

90 

- 

75 

- 

60 

- 

| 45 | ns 
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AC ELECTRICAL SPECIFICATIONS (Continued) 


Num. 

Characteristic 

16.67 MHz 

20 MHz 

25 MHz 

33.33 MHz 


Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Unit 

31 2 

DSACKx Asserted to Data-In Valid (Asynchronous Data Setup) 

- 

50 

- 

43 

— 

28 

- 

20 

ns 

31A 3 

DSACKx Asserted to DSACKx Valid (Skew) 

— 

15 

— 

10 

— 

7 

— 

5 

ns 

32 

RESET Input Transition Time 

— 

1.5 

— 

1.5 

— 

1.5 

- 

1.5 

Clks 

33 

Clock Low to BG Asserted 

0 

30 

0 

25 

0 

20 

0 

15 

ns 

34 

Clock Low to BG Negated 

0 

30 

0 

25 

0 

20 

0 

15 

ns 

35 

BR Asserted to BG Asserted (RMC Not Asserted) 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

Clks 

37 

BGACK Asserted to BG Negated 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

1.5 

3.5 

Clks 

37A 

BGACK Asserted to BR Negated 

0 

,5 

0 

1.5 

0 

1.5 

0 

1.5 

Clks 

39 6 

BG Width Negated 

90 


75 


60 

— 

45 


ns 

39A 

BG Width Asserted 

90 

— 

75 

— 

60 

— 

45 

— 

ns 

40 

Clock High to DBEN Asserted (Read) 

0 

30 

0 

25 

0 

20 

0 

18 

ns 

41 

Clock Low to DBEN Negated (Read) 

0 

30 

0 

25 

0 

20 

0 

18 

ns 

42 

Clock Low to DBEN Asserted (Write) 

0 

30 

0 

25 

0 

20 

0 

18 

ns 

43 

Clock High to DBEN Negated (Write) 

0 

30 

0 

25 

0 

20 

0 

18 

ns 

44 

R/W Low to DBEN Asserted (Write) 

15 

- 

10 

— 

7 

— 

5 

— 

ns 

45 5 

DBEN Width Asserted Asynchronous Read 

60 

_ 

50 

_ 

40 

_ 

30 

_ 

ns 


Asynchronous Write 

120 

— 

100 

— 

80 

— 

60 

— 


45A 9 

DBEN Width Asserted Synchronous Read 

10 

_ 

10 

_ 

5 

_ 

5 

_ 

ns 


Synchronous Write 

60 

— 

50 

— 

40 

— 

30 

— 


46 | 

R/W Width Asserted (Asynchronous Write or Read) 

150 

— 

125 

- 

100 

— 

75 

— 

ns 

46A 

R/W Width Asserted (Synchronous Write or Read) 

90 

— 

75 

— 

60 

— 

45 

- 

ns 

47A 

Asynchronous Input Setup Time to Clock Low 

5 

— 

4 

— 

2 

— 

2 

— 

ns 

47B 

Asynchronous Input Hold Time from Clock Low 

15 

- 

12 

- 

8 

— 

6 

- 

ns 

48 4 

DSACKx Asserted to BERR, HALT Asserted 

— 

30 

— 

20 

— 

25 

- 

18 

ns 

53 

Data-Out Hold from Clock High 

3 

— 

3 

— 

3 

— 

2 

— 

ns 

55 

R/W Asserted to Data Bus Impedance Change 

30 

— 

25 

- 

20 

— 

15 

— 

ns 

56 

RESET Pulse Width (Reset Instruction) 

512 

— 

512 

— 

512 

— 

512 

— 

Clks 

57 

BERR Negated to HALT Negated (Rerun) 

0 

— 

0 

— 

0 

— 

0 

- 

ns 

58 10 

BGACK Negated to Bus Driven 

1 

— 

1 

— 

1 

— 

1 

— 

Clks 

59 10 

BG Negated to Bus Driven 

1 

— 

1 

- 

1 

— 

1 

— 

Clks 

60 13 

Synchronous Input Valid to Clock High (Setup Time) 

5 

— 

4 

— 

2 

— 

2 

- 

ns 

61 13 

Clock High to Synchronous Input Invalid (Hold Time) 

15 

— 

12 

- 

8 

- 

6 

- 

ns 

62 

Clock Low to STATUS, REFILL Asserted 

0 

30 

0 

25 

0 

20 

0 

15 

ns 

63 

Clock Low to STATUS, REFILL Negated 

0 

30 

0 

25 

0 

20 

0 

15 

ns 


NOTES: 

1. This number can be reduced to 5 nanoseconds if strobes have equal l oads. 

2. If the as ynchronous setup time (#47A) requirements are satisfied, the DSACKx low to data setup time (#31) and DSACKx low 
to BERR low set up tim e (#48) can be ignored. Th e data must only satisfy the data-in clock low setup time (#27) for the following 
clock cycle and BERR must only satisfy the late BERR low to clo ck low se tu p time (# 27A) for th e followin g clock cyc le. 

3. This parameter specifies the maxim um allow abl e skew b etween DSACKO to DSACK1 asserted or DSACK1 to DSACKO asserted; 

specification #47A must be met by D SACKO or DS ACK1. 

4. This specification applies to the first (DSACKO or DSACK1) DSACKx signal asserted. In the absence of DSACKx, BERR is an 
async hronous input using the asynchronous input setup time (#47A). 

5. DBEN may stay asserted on consecutive write cycles. 

6. The minimum values must be met to guarantee prope r ope rati on. If this maximum value is exceeded, BG may be reasserted. 
7 .This specification indicates the minimum high time for ECS and OCS in the event of an internal cache hit followed immediately 

by another cache hit, a cache miss, or an operand cycle. _ 

8. This specification guarantees operation with the MC68881/MC68882, which specifies a minimum time for DS negated to AS 
asserted (specification #13A in the MC6888 1 1 MC68882 User's Manual). Without this specification, incorrect interpretation of 
specifications #9A and #15 would indicate that the MC68030 does not meet the MC68881/MC68882 requirements. 
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NOTES (Continued) 

9. This specification allows a sys tem d esigner to guar antee data hold times on the output side of data buffers that have output 
enable signals generated with DBEN. The timing on DBEN precludes its use for synchronous READ cycles with no wait states. 

10. These specifications allow system designers to guarantee that an alternate bus master has stopped driving the bus when the 
MC68030 regains control of the bus after an arbitration sequence. 

11. DS will not be asserted for synchronous write cycles with no wait states. 

12. These hold times are specified with respect to strobes (asynchronous) and with respect to the clock (synchronous). The designer 

is free to use either time. 

13. Synchronous inputs must meet specifications #60 and #61 with stable logic levels for all rising edges of the clock while AS is 

asserted. These values are specified relative to the high level of the rising clock edge. The values originally published were 
specified relative to the low level of the rising clock edge; 

14. This specification allows system designers to qualify the CS signal of an MC68881/MC68882 with AS (allowing 7 ns for a gate 
delay) and still meet the CS to DS setup time requirement (spec 8B) of the MC68881/MC68882. 


Reprinted with permission of Motorola Inc. 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are not 
intended as a functional description of the input and output signals. Refer to other functional descriptions and their related diagrams 
for device operation. 

SO SI S2 S3 S4 S5 


A0A31, FC0-FC2 
SIZOSIZI 




ASYNCHRONOUS 

INPUTS 


H k<§> 



Figure 11. Asynchronous Read Cycle Timing Diagram 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are not 
intended as a functional description of the input and output signals. Refer to other functional descriptions and their related diagrams 
for device operation. 



Figure 12. Asynchronous Write Cycle Timing Diagram 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are not 
intended as a functional description of the input and output signals. Refer to other functional descriptions and their related diagrams 
for device operation. 
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Figure 13. Synchronous Read Cycle Timing Diagram 
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These waveforms should only be referenced in regard to the edge-to-edge measurement of the timing specifications. They are not 
intended as a functional description of the input and output signals. Refer to other functional descriptions and their related diagrams 
for device operation. 



CBREQ 


Figure 14. Synchronous Write Cycle Timing Diagram 


Reprinted with permission of Motorola Inc. 
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Delay Line Information 

Delay lines with tolerances of + 1 ns can be obtained 
from: 

ECC 

3580 Sacramento Drive 
San Luis Obispo, CA 93403 

This company can also manufacture at customer’s re- 

a _ i: — : 

ijucai a uciaj line witu m»u ivu uuipui ui Tixi.tAu.xxjf tuv 

same cost as their regular devices. 

Other delay line manufacturers are: 

Dallas Semiconductor 
4350 Beltwood Parkway South 
Dallas, Texas 75244 

EG&G Reticon Corp. 

345 Portero Ave. 

Sunnyvale, CA 94086 
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This application note describes the design of a circuit to 
interface the 27960CX burst EPROM to AMD’s 
Am29000* microprocessor. The 29000 microprocessor 
is capable of operating in a burst mode, accessing a 
maximum of 256 long words (long word = 32 bits) 
during a burst access. The burst EPROM supports a 
maximum of 4 words during a burst access. To accom- 
modate the longer burst cycle of the 29k, the interface 
has an 8-bit external counter which supplies the lower 
eight addresses to the EPROMs. 

A 1 -0-0-0 burst operation (one wait-state for the first 
word access and zero wait-state for the remaining three 
accesses) is possible at 20 MHz using the 27960C1-20 
burst EPROMs. Effectively this results in a 4 words/5 
clock cycles performance for this interface. A 2-0-0-0 
burst operation (non-buffered system) is possible at 
25 MHz/33 MHz using the 27960C2-25/33 burst 
EPROMs. This memory interface monitors control sig- 
nals from the microprocessor and provides hands hake 
logic for the microprocessor, and generates ADS and 
BLAST signals for the burst EPROMs. 

The interface can be implemented with a 1 6R6D PAL, 
an 8-bit counter, a 9-bit latch, a D-type flip-flop, an 
address decoder and some discrete AND and OR gates. 
The discrete gates may be integrated into the control 
logic PAL or another system PAL. Address and data 
buffers may be required if the capacitive loading is 
large. 


SIGNAL DEFINITIONS/INTERFACE 
REQUIREMENTS 

1.0 SIGNAL DEFINITIONS 

1.1 29000 Signals 

This section describes the 29000 signals which are rele- 
vant to this interface. 

1.1.1 IREQ— INSTRUCTION REQUEST (OUTPUT) 

This signal requests an instruction access. When it is 
active, the address bus has a valid address for the ac- 
cess. 


1.1.2 IBREQ— INSTRUCTION BURST REQUEST 
(OUTPUT) 

This signal is used to establish a burst-mode instruction 
access and to request instruction transfers during a 
burst-mode instruction access. 

*Am29000 is a trademark of Advanced Micro Devices, Inc. 


1.1.3 BINV— BUS INVALID (OUTPUT) 

This signal indicates that the Address Bus and related 
control signals are invalid. It defines an idle cycle for 
the channel. 


1.1.4 IRDY — INSTRUCTION READY (INPUT) 

This signal indicates that a valid instruction is on the 
instruction bus. 

1.1.5 IREQT— INSTRUCTION REQUEST TYPE 
(OUTPUT) 

This signal sp ecifies t he address space of an instruction 
request, when IREQ is active: 


IREOT 

0 — Instruction/Data Memory Access 

1 — Instruction Read Only Memory Access 


1.1.6 IB ACK— INSTRUCTION BURST 
ACKNOWLEDGE (INPUT) 

This input is active whenever a burst-mode instruction 
has been established. It may be active even though no 
instructions are currently being accessed, for example 
in a suspended burst access. 


1.2 27960CX Burst EPROM Control 
Signals 

1.2.1 ADS— ADDRESS STROBE (INPUT) 

Indicates the start of a new bus access. It is active low 
in the first clock cycle of a bus access. 


1.2.2 BLAST— BURST LAST (INPUT) 

Terminates a concurrent burst data cycle. Must be as- 
serted by the fourth data word. 

1.2.3 CS— CHIP SELECT (INPUT) 

Master device enable. When asserted, data can be writ- 
ten to and read from the device. In read mode, CS 
enables the state machine and the I/O circuitry. A 
mem ory ac cess begins on the first rising edge of CLK 
after ADS and CS are asserted. CS can be de-asserted 
after the number of wait-states, N, has expired, but the 
EPROM will continue to burst out data for the current 
cycle. If CS is de-asserted during the wait-state period, 
the burst access will be aborted. 
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2.0 INTERFACE REQUIREMENTS 

The interface is designed to work in the burst 
mode, wi th the instruction burst acknowledge signal, 
IBACK, as the handshake for the microprocessor indi- 
cating that the EPROM memory is capable of support- 
ing a burst access. The interface logic will monit or con- 
trol signals from the microprocessor, i.e., IREQ, 
IBREQ, BINV, and generate IRD Y and I BACK for 
the microprocessor and ADS and BLAST signals for 
the 27960 EPROM. Since the burst EPROM is capable 
of bursting a maximum of four words, the interface will 
suspen d the burst after the fourth word by de-asser ting 
IRDY and resume the burst by re-asserting IRDY one 
clock cycle later. The interface will preempt the burst 
access in response to the burst access being suspended 
by the microprocessor. 

Figure 1 shows the block diagram of the 29000/ 
27960CX Burst EPROM interface. 


3.0 CIRCUIT DESCRIPTION 

This section describes the burst-mode operation of the 
29000 microprocessor followed by a description of the 
interface circuit as shown in Figure 1. 


3.2 Burst Suspension 

The burst-mode instruction access may be suspended in 
certain situations. The proc essor suspends a burst-ac- 
cess by de-asserting IBREQ. The burst-mode access re- 
mains suspended unless the pro cessor requests a new 
instruction access (in which case IREQ is asserted), or 
unless the instruction memory preempts the burst- 
mode access. A suspended burst-mode instruction be- 
comes active whenever the processo r activates the 
burst-mode access by asserting liiKiiQ. 

3.3 Burst Preemption 

A burst access is preempted by de-asse rting IBA CK. If 
IBREQ was active in the cycle before IBACK was de- 
asserted, one last word of information must be trans- 
ferred before the burst access is ended. The last word 
can be transferred in the same cycle that the Burst Ac- 
knowledge is de-asserted or some later cycle, but until 
it is transferred the burst access is not complete and no 
new access of the memory may begin. 


4.0 29000/27960CX INTERFACE 
(FIGURE 1) 


3.1 Burst-Mode Access 

The burst mode-access allows multiple instructions or 
data words at sequential addresses to be accessed with a 
single address transfer. A burs t access is requested via 
the Instruction Burst Request (IBREQ). The initial ad- 
dress of this burst a ccess is indicated by assertion of 
Instruction Request (IREQ) signal. The memory sys- 
t em ma y assert Instruction Burst Acknowledge 
(IBACK) to indic ate that it supports burst-mode ac- 
cesses. If IBACK is asserted while the initial address 
appears on the address bus, the burst-mode access is 
establis hed. In the following cycle, the 29k will de-as- 
sert the IREQ signal and remove the initial address of 
the burst access, but will continue to assert IBREQ. If 
the burst-mode is never established, the default behav- 
ior is to have the processor transmit an address every 
access. After the burst-mode access is established, 
IBREQ is used during subsequent accesses to indicate 
that the processor requires at least one more access. If 
IBREQ is active at the end of a cy cle in which an access 
is successfully completed (IRDY is active), the proces- 
sor requires another access. 


4.1 Burst EPROMS 


The memory block consists of 27960CX, 128k x 8-bit 
burst EPROMs. A minimum of four EPROMS are re- 
quired for a 32-bit system. The 27960CX supports 
burst-mode operation, and is capable of accessing four 
long words (long word = 32 bits) during a burst cycle. 
Each burst cycle begins with a valid a ddres s being 
latched in the first clock cycle, when both ADS and CS 
are asserted. After a set number of wait-states (1 or 2), 
data is output one word at a time on each subsequent 
clock c ycle. A burst access is terminated with the 
BLAST signal. A 1 -0-0-0 burst operation (1 wait-state 
for the first word access and zero wait-state for subse- 
quent accesses) is possible at 20 MHz using 27960C1- 
20 burst EPROMs. A 2-0-0-0 burst operation (non- 
buffered system) is possible at 25 MHz/33 MHz using 
the 27960C2-25/33 burst EPROMs. 



4.2 Address/Instruction Bus Buffers 

The address and instruction buses may be buffered with 
high speed buffers. If the memory block were made up 
of multiple banks of memory devices, the instruction 
bus might need buffering to isolate the heavier capaci- 
tive load of multiple memory banks from the rest of the 
system. Also address buffers may be needed to drive 
address inputs of multiple banks. 


5-263 



NOTES: 


The discrete gates in this design could be integrated in an another system PAL or a bigger PAL could be used. 
Address and data buffers are required if capacitive loading is large. 

Figure 1. 29000/27960CX Interface 
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4.3 Address Latch and Counter 

To support burst accesses, the lower eight address bits 
to the burst EPROMs come from a loadable counter. 
The 8-bit counter is built from 74FCT191 4-bit binary 
counters. These high speed counters are need ed if t he 
access is to begin in the first clock cycle when IREQ is 
asserted: If the in itial access begins in the second clock 
cycle, i.e., ADS is gen erated in the next clock cycle 
following assertion of IREQ, a slower 8-bit counter 
may be used. The upper eight bits need not come from 
a counter, since the 29k will always output a new ad- 
dress when a 256-word boundary is crossed. The upper 
8 bits of address are simply latched. 


4.4 Control Logic 

The co n trol logi c generates memory respo nse sig nals, 
IRDY, IBACK, for the processor and ADS and 
BLAST for the burst EPROMs. It also controls load- 
ing/counting of the external 8-bit counter and address 
latch. 


A registered PAL output will be represented by : = 

A combinatorial PAL output will be represented by = 

5.1 Signal Descriptions 

A 16R 6D P AL is used to general IRDY, ADS, 
BLAST, and IBACK. A modulo 5 counter is imple- 
mented in the PAL which is used to generate timings 

^ ▼▼'TVTr a rxn „ .1 rtT A 

IUI JtlYi^ I , auu Lijoru a fsj. 

5.2 Modulo 5 Counter Equations: 

Z : = Z • Y • X • IBACK 
Y := Z (Y • X + Y • X) • IBACK 
X := Z • X • IBACK 

The modulo 5 counter equations are qualified with 
IBACK. X is the least significant bit, and Z is the most 
significant bit. 


5.0 LOGIC DETAILS 

NOTE: 

All signals implemented in the PAL are described in 
active high terms, although the final output will often 
be active low as required by the actual circuit design. 
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5.3 ADS Generation 


The ADS signal is derived by ANDing ADS_i and 

ADSN. AD S i is genera ted by ORin g IREQ and 

IBREQ D (See Fi gure 2). ( IBREQ D is delayed and 

inverted version of IBREQ). ADS i i s genera ted only 

once at the beginning of a burst access. ADSn is gener- 
ated at regular intervals every 5 clock cycles. ADSn 
( where N = 0 to 3) is asserted on the first, second, 
third, or fourth word of the first burst access, based on 
the initial burst address. ADSn is defined as follows: 


ADS i = IREQ ,+ IBREQ D 

ADSn = ADSo • Ai • Ao + ADSi • Ai • Ao + ADS2 • 
Ai • Aq + ADS3 • A-j • Aq 

ADS 0 = X • Y • Z 
ADSi = X • Y • Z 
ADS 2 = X • Y • Z 
ADS 3 = X • Y • Z 

ADSn is a multiplexer equation implemented in the 
PAL. The sta te of A 1 A 0 is latched in the D-type flip- 
flop by IREQ as shown in Figure 1. 



292081-2 

NOTES: 

LD is us ed to load the 8-bit c ounter with the i nitial address. 

ADS i is ANDed with ADSn to generate the ADS signal for the burst EPROM. 

ADSn i s generated at regular intervals at every fifth clock after the first burst access. 

ADS i is generated only once at the beginning of a burst access. 


Figure 2. Timing Diagram Showing Generation of LD and ADS_i 
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If the initial address of the burst access is at 0 or divisi- burst EP ROM). When AiAq = 00, ADS, IRD Y and 

ble by 4, i.e., AiAq = 00, then the first burst access BLAST are designated as ADS 3 , IRDY 3 , and 

will consist of four words (maximum supported by the BLAST 3 . See Figure 3 A for the timing Diagram. 


TO T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 



NOTE: 

The 27960 is operating in pipelined mode; effectively this results in 4 words/5 clock cycles performance. 

Figure 3A. 29000/27960C1-20 Timing Diagram Showing Burst Operation 
(Initial Address Is at 0 or Divisible by 4, i.e., AiAq = 00) 


5-267 






AP-346 



ip&oimm? 


If the initial address of the burst access is non-divisible 
by 4, i.e., AjAq = 01, then the first burst access will 
consist of 3 words. To av oid wrap-aro und of the data 
from the EPROMs, ADS and BLAST are asserted on 
the third word of the first burst access. For the remain- 


ing burst accesses ADS, BLAST and IRDY are assert- 
ed at re gular i ntervals every 5 clock c ycles. When AjAq 
= 01 , ADS, I RDY ,. and BL AST are designated as 
ADS 2 , IRDY 2 , and BLAST 2 . See Figure 3B for the 
timing diagram. 



Figure 3B. 29000/27960C1-20 Timing Diagram Showing Burst Operation 
(Address of the First Word is Non-Divisible by 4; A^Aq = 01) 
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If the initial address of the burst access is non-divisible 
by 4, i.e., AjAq = 10, then the first burst access will 
consist of 2 words. To av oid wrap-aro und of the data 
from the EPROMs, ADS and BLAST are asserted on 
the second word of the first burst access. For the re- 


maining burst accesses ADS, BLAST and IRDY are 
asserted at re gular i nterval s eve ry 5 cloc k cycles. When 
Aj Ap = 10, ADS , IR DY, and BLAST are designated 
as ADSp IRDYp and BLAST p See Figure 3C for the 
timing diagram. 



(Address of the First Word is Non-Divisible by 4; A^Aq =10) 
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If the initial address of the burst access is non-divisible 
by 4, i.e., AjAq = 11, then the first burst access will 
consists of 1 word. To av oid wrap-aro und of the data 
from the EPROMs, ADS and BLAST are asserted on 
the first word of the first burst access. For the remain- 


ing burst accesses ADS, BLAST and IRDY are assert- 
ed at re gular i ntervals every 5 clock c ycles. When AjAq 
= 11 , ADS, I RDY , and BL AST are designated as 
ADSo, IRDYq, and BLASTq. See Figure 3D for the 
timing diagram. 



Figure 3D. 29000/27960C1-20 Timing Diagram Showing Burst Operation 
(Address of the First Word is Non-Divisible by 4; AfAo =11) 
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5.4 BLAST Generation 

The BLAST si g nal is derive d by ANDing BLAST S 

and BLAST n- BL AST S is g enerated by. ORing 

IBACK D and IBREQ D (see Fig ure 1) . 

IBACK D is a delayed version of IBACK. 

BLAST S is generated in response to burst access be- 

ing suspended by the processor (see Figure 4). 


BLASTn (N = 0 to 3) is generated at regular intervals 
at every 5 clock cycles, whose timing depen ds on initial 
burst add ress as explained abov e for t he ADS case. 
BLASTn has the same timing as ADSn- 
BLAST S = IBACK D T IBREQ D 

BLASTn = BLASTq • A-j • Aq + BLAST-) • A-j • Aq + 
BLAST2 • A-j • Aq + BLAST3 • Ai • Aq 



Figure 4. 29000/27960C1-20 Timing Diagram Showing Burst 
Suspended by Master and Later Preempted by Slave 
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5.5 LD Generation 


LD has the same timing as ADS i. LD is used to load 

the 8-bit counter. 

LD = IREQ + IBREQ D 


5.6 I RDY Generation 


IRDYn (N = 0 to 3) is asserted in the clock cycle 
when the burst EPROM is ready to output the first 
word, i.e., after the number of wait-states (1 or 2) have 
expired, and is de-asserted after the fourth word. IRDY 
is asserted appropriately based on the state of AiAq as 
explained above. 

IRDY n = (IRDY 0 • At • A 0 + IRDY! *_A i • A$ + IRDY 2 

• Ai • A 0 + IRDY 3 • A-| • A 0 ) • IBREQ D • 

BINV D 

IRDY 0 = X + Y + Z 
IRDY! = X + Y + Z 
IRDY 2 = X + Y + Z 
IRDY3 = X + Y + Z 


5.7 I BACK Generation 


IBACK is asserted in the clock cycle following IBREQ. 
IBACK is a registered output from the PAL. 

IBACK : = IBREQ • CS • DBACK 


5.8 CS Generation 

Intel’s 85C508 Decoder/Latch PLD is used to generate 
the chip selects for the EPROMs. This device has 16 
dedicated inputs for address/data bus decoding and 8 
latched outputs. The burst EPROM requires a mini- 
mum of 5 ns/6 ns chip select setup time in the clock 
cycle during which the addresses are latched. The 
85C508 PLD provides plenty of margin for CS setup as 
shown in Figure 5. The multiple chip selects for the 
various banks can be gated together to provide a single 
CS input to the PAL. 

CS = IREQ # IREQT • A3! # A29 • A 2 8 
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Figure 5. CS Timing Diagram 
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APPENDIX A 

1. A.C. parameters and timing waveforms for the 27960CX burst EPROM and the Am29000 microprocessor. 
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ABSOLUTE MAXIMUM RATINGS* 

Read Operating Temperature 0°C to 4- 70° C( 8 ) 

Case Temperature 

under Bias - 10°C to + 80°C( 8 ) 

Storage Temperature — 65°C to + 125°C 

All Input or Output Voltages 
with Respect to Ground —0.6V to + 6.5V( 4 ) 

Voltage on Pin A 9 

with Respect to Ground —0.6V to + 13V( 4 ) 

Vpp Supply Voltage 

with Respect to Ground —0.6V to + 14V( 4 ) 

Vcc Supply Voltage 

with Respect to Ground —0.6V to + 7V( 4 ) 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


READ OPERATION 


DC CHARACTERISTICS 0°C < T A +70°C, V C c = 5V ±10%, TTL Inputs 


Symbol 

Parameter 

Notes 

Min 

Max 

Units 

Test Conditions 

Ili 

Input Load Current 



1 

jliA 

V| N = 5.5V 

l|_0 

Output Leakage Current 



10 

jxA 

V 0 UT = 5.5V 

Ipp 

Vpp Load Current Read 


) 

10 

julA 

Vpp = 0 to VcCi PGM = V|h 

*SB 

Vcc Standby 

Switching 

2 


45 

mA 

CS = V| H , f = 33 MHz 

Stable 

2 


30 

mA 

X 

> 

II 

|CO 

10 






§n 

CS = V| L , f = 33 MHz, 

•out = 0 mA 

V|L 

Input Low Voltage 

4 

-0.5 

0.8 

mm 


V|H 

Input High Voltage 




mm 


VOL 

Output Low Voltage 



mm 


Iql = 2.1 mA 

VoH 

Output High Voltage 

5 



V 

Ioh = — 1 00 jxA 

5 

2.4 



Iqh = -400 /xA 

los 

Output Short Circuit 

6 


100 

mA 



NOTES: 

1 . Maximum value is with outputs unloaded. 

2. Ice standby current assumes no output loading i.e., Iqh = Iol = 0 mA - 

3. Ice is the sum of current through Vcc3 + Vcc4 and does not include the current through Vcc and Vcc2- ( v cci and Vcc2 
supply power to the output drivers. Vcc3 and Vcc4 supply power to the reset of the device.) 

4. Minimum D.C. input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods less than 20 ns. 

5. Maximum D.C. voltage on output pins is Vcc + 0.5V which may overshoot to Vcc + 2.0 V for periods less than 20 ns. 

6. One output shorted for no more than one second, los is sampled but not 100% tested. 

7. Ice max measured with a 0.11 jxF capacitor between Vcc and Vss- 

8. This specification defines commercial product operating temperatures. 
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EXPLANATION OF AC SYMBOLS 

The nomenclature used for timing parameters are as 
per IEEE STD 662-1980 IEEE Standard Terminology 
for Semiconductor Memory. 

Each timing symbol has five characters. The first is 
always a “t” (for time). The se cond character repre- 
sents a signal name, e.g., (CLK, ADS, etc.). The third 
character represents the signal’s level (high or low) for 
ihe signai indicated by the second character. The fourth 
character represents a signal name at which a transition 
occurs marking the end of the time interval being speci- 
fied. 


The fifth character represents the signal level indicated 
for the fourth character. The list below shows character 
representations. 

A: Address 

B: BLAST 

C: Clock 

H: Logic High Level 

L: ADS/Logic Low Level 

P: Vpp Programming Voltage 

X: No longer a valid “driven” logic level 

R: RESET 

Q: Data 

S: CS 

t: Time 


V: Valid 

Z: High-Z Level 
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AC CHARACTERISTICS: READ OPERATION o°C < t a < +70°C, V cc = 5V ±10% 


Product Name 

27960C2-33 

27960C2-25 

27960C1-20 

27960C1-16 

Units 

Read Timing 

33 MHz 

2 Wait State 

25 MHz 

2 Wait State 

20 MHz 

1 Wait State 

16 MHz 

1 Wait State 

No. 

Symbol 

Parameter 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

1 

Uvc 0 h 

Address Valid to 
CLK High 

CLK0 

12 


10 


14 


22 


ns 

2 

tc N HAX 

CLK High to 
Address Invalid 

2 

0 


0 


0 


0 


ns 

3 

*LLCH 

ADS Low 
to CLK High 


8 


8 


14 


22 


ns 

4 

tCHLH 

CLK High to 

ADS High 

5 

6 

22 

6 

32 

6 

36 

6 

40 

ns 

5 

tSVCH 

CS Valid 
to CLK High 

1 

7 


7 


6 


14 


ns 

6 

tC N HSX 

CLK High to 

CS Valid 

2 

0 


0 


0 


0 


ns 

7 

tCHQV 

CLK High to 

Data Valid 

7 


27 


30 


35 


40 

ns 

8 

tCHQX 

CLK High to 

Data Invalid 


5 


5 


5 


5 


ns 

9 

tCHQZ 

CLK High to 

Data High-Z 

6 


25 


30 


30 


30 

ns 

10 

Ibvch 

BLAST Valid to 
CLK High 


8 


8 


14 


22 


ns 

11 

tCHBX 

CLK High to 
BLAST Invalid 

3 

6 

22 

6 

32 

6 

36 

6 

40 

ns 


NOTES: 

1 . Valid signal level is meant to be either a logic high or logic low. 

2. Tc n hsx — T he subscript N represents the number of wait states for this parameter. CS can be de-asserted (high) after the 
number of wait states (N) has expired. The EPROM will continue to burst out data for the current cycle. 

3. BLAST # must be returned high before the next rising clock edge. 

4. The sum of Tchqv + T A vch + NCLK will not equal actual T A vqv if independent test conditions are used to obtain 
T avch and Tchqv ( n = number of wait states). 

5. ADS must be returned high before the next rising clock edge. 

6. Sampled but not 100% tested. The transition is measured ±500 mV from steady state voltage. 

7. For capacitive loads above 80 pF, Tchqv can be derated by 1 ns/20 pF. 
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ABSOLUTE MAXIMUM RATINGS OPERATING RANGES 

Storage Temperature -65 to +150°C Commercial (C) Devices 

Voltage on any Pin Case Temperature (Tc) 0to+85°C 

with Respect to GND -0.5 to Vcc +0.5 V Supply Voltage (Vcc) +4.75 to +5.25 V 

Stresses above those listed under ABSOLUTE MAXI- Military Devices 

MUM RATINGS may cause permanent device failure. Case Temperature (Tc)* -55 to +125°C 

Functionality at or above these limits is not implied. Ex- Supply Voltage (Vcc) +4.5 to +5.5 V 

posure to absolute maximum ratings for extended peri- 
ods may affect device reliability. Operating ranges define those limits between which the 

functionality of the device is guaranteed. 

"measured “instant on” 

DC CHARACTERISTICS over COMMERCIAL and MILITARY operating ranges 

Parameter 

Symbol 

Parameter 

Description 

Test Conditions 

Min. 

Max. 

i 

VlL 

Input Low Voltage 


-0.5 

0.8 

b mm 

VlH 



2.0 

Vcc +0.5 

V 

VlLINCLK 

INCLK Input Low Voltage 


-0.5 

0.8 

V 

VlHINCLK 

INCLK Input High Voltage 


2.0 

Vcc +0.5 

V 

VlLSYSCLK 

SYSCLK Input Low Voltage 


-0.5 

0.8 

V 

VlHSYSCLK 



Vcc -0.8 

Vcc +0.5 

V 

VOL 

Output Low Voltage for 

All Outputs except SYSCLK 

loL = 3.2mA 


0.45 

V 

VoH 

Output High Voltage for 

All Outputs except SYSCLK 

Ioh = -400 jiA 

2.4 


V 

Ili 

Input Leakage Current 



±10 

nA 

Ilo 

Output Leakage Current 

0.45 V < Vout< Vcc -0.45 V 


±10 

pA 

Iccop 

Operating Power-Supply 
Current 

Vc c= 5.25V, Outputs 
Floating; Holding RESET 
active with externally 
supplied SYSCLK 


22 for 
Commercial 
25 for 
Military 

mA/MHz 

VoLC 

SYSCLK Output Low Voltaqe 

Iolc = 20 mA 


0.6 

V 

VoHC 

SYSCLK Output High Voltage 

Iohc = 20 mA 

Vcc -0.6 


V 

IOSGND 

SYSCLK GND Short 

Circuit Current 

Vcc = 5.0 V 

100 


mA 

losvcc 

SYSCLK Vcc Short 

Circuit Current 

Vcc = 5.0 V 

100 


mA 

CAPACITANCE 

Parameter 

Symbol 

Parameter 

Description 

Test Conditions 

Min. 

Max. 

Unit 

ClN 

Input Capacitance 

fC = 1 MHz (Note 1) 


15 

PF 

ClNCLK 

INCLK Input Capacitance 


20 

PF 

CsYSCLK 

SYSCLK Capacitance 


90 

PF 

COUT 

Output Capacitance 


20 

PF 

Cl/O 

I/O Pin Capacitance 


20 

PF 

Note: 1 . Not 1 00% tested. 
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SWITCHING CHARACTERISTICS over COMMERCIAL operating range 



Parameter 

Test 

33 MHz 

25 MHz 


No. 

Description 

Conditions 

Min. 

Max. 

Min. 

Max. 

Unit 

1 

System Clock (SYSCLK) 

Period (T) 

Note 1 



40 

1000 


1A 

SYSCLK at 1 .5V to SYSCLK 
at 1 .5V when used as an output 

Note 13 



0.5T-1 

0.5T+1 

ns 

2 


Note 13 



19 


r.z 

3 

SYSCLK Low Time when used as input 

Note 13 



17 


ns 

4 

SYSCLK Rise Time 

Note 2 




5 

ns 

5 

SYSCLK Fall Time 

Note 2 




5 

ns 

6 

Synchonous SYSCLK Output 

Valid Delay 

Notes 3, 12 



3 

14 

ns 

, 6A 

Synchronous SYSCLK Output 

Valid Delay tor D 31 -D 0 

Note 12 



4 

18 

ns 

■ 

E— — 

Notes 4, 

14, 15 



3 

30 

ns 

8 

Synchronous SYSCLK 

Output Valid Delay 

Notes 5, 12 



3 

14 


8A 

Three-State SYSCLK 

Synchronous Output Invalid Delay 

Notes 5, 

14, 15 



3 

30 


9 

Synchronous Input Setup Time 

Note 7 



12 


ns 






6 


ns 


Synchronous Input Setup Time 
for DRDY 




13 



10 

Synchronous Input Hold Time 

Note 6 



2 


ns 

11 

Asynchronous Input Minimum 

Pulse Width 

Note 8 



T +10 


ns 

12 

INCLK Period 




20 

500 

ns 

12A 

INCLKto SYSCLK Delay 




2 

10 

ns 

12B 

INCLK to SYSCLK Delay 




2 

10 

ns 

13 

INCLK Low Time 




8 


ns 

14 

INCLK High Time 




8 


ns 

15 

INCLK Rise Time 





5 

ns 

16 

INCLK Fall Time 





5 

ns 

17 

INCLK to Deassertion of RESET 
(for phase synchronization of SYSCLK) 

Note 9 



0 

5 

ns 

18 

WARN Asynchronous Deassertion 

Hold Minimum Pulse Width 

Note 1 0 



4T 


ns 

19 

BS^SB 

Note 12 

■ 


1 

7 

ns 

20 

Three-State synchronous SYSCLK 
output invalid delay for D 31 -D 0 

Notes 1 1 , 

14, 15 



3 

20 



PRELIMINARY 

Reprinted with permission of Advanced Micro Devices, Inc. 


5-279 














































































































inteT 


AP-346 




SWITCHING CHARACTERISTICS over COMMERCIAL operating range 



Parameter 

Test 

20 MHz 

16 MHz 


No. 

Description 

Conditions 

Min. 

Max. 

Min. 

Max. 

Unit 

1 

System Clock (SYSCLK) 

Period (T) 

Note 1 

50 

1000 

60 

1000 

ns 

1 A 


Note 13 

0.5T-1 

0.5T+1 

0.5T-2 

0.5T+2 

ns 

2 

SYSCLK High Time when used as input 

Note 13 

22 


27 


ns 

3 

SYSCLK Low Time when used as input 

Note 13 

19 


22 


ns 

4 

SYSCLK Rise Time 

Note 2 


5 


5 

ns 

5 

SYSCLK Fall Time 

Note 2 


5 


5 

ns 

6 


Notes 3, 1 2 

3 

16 

3 

16 

ns 

6A 

Synchronous SYSCLK Output 

Valid Delay for D 3I -D 0 

Note 12 

4 

20 

4 

20 


■ 

Three-State Synchronous SYSCLK 
Output Invalid Delay 


3 

30 

3 

30 


8 

Synchronous SYSCLK 

Output Valid Delay 

Notes 5, 12 

3 

16 

3 

16 

ns 

8A 

Three-State SYSCLK 

Synchronous Output Invalid Delay 

Notes 5, 

14, 15 

3 

30 

3 

30 

ns 

9 

Synchronous Input Setup Time 

Note 7 

15 


15 


ns 

9A 

Synchronous Input Setup Time 
for D 31 — D 0 , l 31 -l 0 


8 


8 


ns 

9B 

Synchronous Input Setup Time 
for BRET? 


16 


16 


ns 

10 

Synchronous Input Hold Time 

Note 6 

2 


2 


ns 

11 

Asynchronous Input Minimum 

Pulse Width 

Note 8 

T+10 


T +10 


ns 

12 

INCLK Period 


25 

500 

30 

500 

ns 

12A 

INCLK to SYSCLK Delay 


2 

12 

2 

15 

ns 

12B 

INCLK to SYSCLK Delay 


2 

12 

2 

15 

ns 

13 

INCLK Low Time 


10 


12 


ns 

14 

INCLK High Time 


10 


12 


ns 

15 

INCLK Rise Time 



5 


5 

ns 

16 

INCLK Fall Time 



5 


5 

ns 

17 

INCLK to Deassertion of RESET 
(for phase synchronization of SYSCLK) 

Note 9 

0 

5 

0 

5 

ns 

18 

WARN Asynchronous Deassertion 

Hold Minimum Pulse Width 

Note 10 

4T 


4T 


Wm 

19 

BINV Synchronous Output Valid 

Delay from SYSCLK 

Note 12 

1 

8 

1 

9 , 

ns 

20 

Three-State synchronous SYSCLK 
output invalid delay for D 3t -D 0 

Notes 1 1 , 

14, 15 

3 

25 

3 

25 

ns 
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SWITCHING CHARACTERISTICS over MILITARY operating range 



Parameter 

Test 

20 MHz 

16 MHz 


No. 

Description 

Conditions 

Min. 

Max. 

Min. 

Max. 


1 

System Clock (SYSCLK) 

Period (T) 

Note 1 

50 

1000 

60 

1000 

ns 

1A 

SYSCLK at 1 .5 V to SYSCLK 
at 1 .5 V when used as an output 

Note 13 

0.5T-1 

0.5T+1 

0.5T-2 

0.5T+2 

ns 

c. 

o\ir*r m is i i:_u -r: — _ ...i | «... : 

<J 1 OV/l_l\ 1 ll^ll IIIIIC nilGII uouw ii i^ui 

Nctc 12 

22 


27 


nc 

3 

SYSCLK Low Time when used as input 

Note 13 

19 


22 


ns 

4 

SYSCLK Rise Time 

Note 2 


5 


5 

ns 

5 

SYSCLK Fall Time 

Note 2 


5 


5 

ns 

6 

ftisiMUMHI 


3 

16 


16 

ns 

6A 

Synchronous SYSCLK Output 

Valid Delay for D 31 -D 0 

Note 12 

4 

20 

4 

20 

ns 

■ 

Three-State Synchronous SYSCLK 
Output Invalid Delay 

Notes 4, 

14, 15 

3 

30 

3 

30 



Synchronous SYSCLK 

Output Valid Delay 

Notes 5, 12 

3 

16 

3 

16 

ns 

8A 

Three-State SYSCLK 

Synchronous Output Invalid Delay 

Notes 5, 

14, 15 

3 

30 

3 

30 

ns 

9 

Synchronous Input Setup Time 

Note 7 

15 


15 


ns 

9A 

Synchronous Input Setup Time 
for Dj,-D 0 , l 3 ,-l« 


8 


8 


ns 

9B 

Synchronous Input Setup Time 
for DRDY 


16 




ns 

10 

Synchronous Input Hold Time 

Note 6 

2 


2 


ns 

11 

Asynchronous Input Minimum 

Pulse Width 

Note 8 



T +10 



12 

INCLK Period 


25 

500 

30 

500 

ns 


INCLK to SYSCLK Delay 



12 


15 

ns 

12B, 

INCLK to SYSCLK Delay 



12 


15 

ns 

■a 

INCLK Low Time 


10 


12 


ns 

Ei 

INCLK High Time 


10 


12 


ns 

15 

INCLK Rise Time 



5 


5 

ns 

16 

INCLK Fall Time 



5 


5 



INCLK to Deassertion of RESET 
(for phase synchronization of SYSCLK) 

Note 9 

0 

5 

0 

5 


18 

WARN Asynchronous Deassertion 

Hold Minimum Pulse Width 

Note 10 

4T 


4T 


ns 

19 

BINV Synchronous Output Valid 

Delay from SYSCLK 

Note 12 

1 

8 

1 

9 

ns 

20 

Three-State synchronous SYSCLK 
output invalid delay for D 31 -D 0 

Notes 11, 

14, 15 

4 

25 

4 

25 

ns 
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Notes: 

1. AC measurements made relative to 1.5 V, except where noted. 

2. SYSCLK rise and fall times measured between 0.8 V and (V^- 1 .0 V). 

3. Synchronous Outputs relative to SYSCLK rising edge include: A ai -Ao, BGRT, R/W, SUP/US, LOCK, MPGM,-MPGM 0 , 
IREQ, IREQT, PlA, DREQ, DREQT,-DREQT 0l PDA, OPT 2 -OPT 0 , STAT 2 -STAT 0> and MSERR. 

4. Three-state Synchronous Outputs relative to SYSCLK rising edge include: A^-A, R/W, SUP/DS, LOCK, 
MPGM-MPGM 0 , IREQ, IREQT, PIA, OREO, DREQT-DREQT 0 , PDA, and OPT 2 -OPT 0 . 

5. Synchronous Outputs relative to SYSCLK falling edge (SYSCLK): IBREQ, DBREQ. 

6. Synchronous Inputs include: BRED, PEN, IRDY, IERR, IBACR, DERR, DBACK, CDA, l 31 -l 0 , DREW, and D 31 -D 0 . 

7. Synchronous Inputs include: BREQ, PEN, IRDY, TERR, TBACK, DERR DBACK, and CDA. 

8. Asynchronous Inputs include: WARN, TnTR-TNTRo, TRAP 3 -TRAP 0 , and CNTl^-CNTLo. 

9. RESET is an asynchronous input on assertion/deassertion. As an option to the user, RESET deassertion can be used to 
force t he state of the internal divide-by-two flip-flop to synchronize the phase of SYSCLK (if internally generated) rela- 
tive to RESET/INCLK. 

10. WARN has a minimum pulse width requirement upon deassertion. 

1 1 . To guarantee Store/Load with one-cycle memories, D 31 -D 0 must be asserted relative to SYSCLK falling edge from an 
external drive source. 

12. Refer to Capacitive Output Delay table when capacitive loads exceed 80 pF. 

1 3. When used as an input, SYSCLK presents a 90-pF max. load to the external driver. When SYSCLK is used as an out- 
put, timing is specified with an external load capacitance of <200 pF. 

14. Three-State Output Inactive Test Load. Three-State Synchronous Output Invalid Delay is measured as the time to a 
±500 mV change from prior output level. 

15. When a three-state output makes a synchronous transition from a valid logic level to a high-impedance state, data is 
guaranteed to be held valid for an amount of time equal to the lesser of the minimum Three-State Synchronous Output 
Invalid Delay and the minimum Synchronous Output Valid Delay. 


Conditions: 

a. All inputs/outputs are TTL compatible for V IH , V IL , V 0H , and V ot unless otherwise noted. 

b. All output timing specifications are for 80 pF of loading. 

c. All setup, hold, and delay times are measured relative to SYSCLK or INCLK unless otherwise noted. 

d. All input Low levels must be driven to 0.45 V and all input High levels must be driven to 2.4 V except SYSCLK. 
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SWITCHING WAVEFORMS 



INCLK and Asynchronous Inputs 
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SWITCHING WAVEFORMS 




INCLK to SYSCLK Delay 
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Capacitive Output Delays 
For loads greater than 80 pF 

This table describes the additional output delays for capacitive loads greater than 80 pF. Values in the Maximum 
Additional Delay column should be added to the value listed in the Switching Characteristics table. For loads less 
than or equal to 80 pF, refer to the delays listed in the Switching Characteristics table. 



Parameter Description 


Synchronous SYSCLK Output Valid Delay 


Synchronous SYSCLK Output Valid Delay for D 31 -D 0 


Synchronous SYSCLK Output Valid Delay 


19 BINV Synchronous Output Valid Delay from SYSCLK 


Total 

External 

Capacitance 


Maximum 

Additional 

Delay 



SWITCHING TEST CIRCUIT 


l OL = 3.2 m A 


Vrpf = 1.5 V 


Am29000 
Pin Under Test 


l OH = 400 pA 


C L is guaranteed to 80 pF. For capacitive loading greater 
than 80 pF, refer to the Capacitive Output Delay table. 
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THE IMPORTANCE OF RELIABILITY 

Reliability of the non-volatile memories in your end 
product is critical to your total system reliability. The 
use of Intel EPROMs can make a difference. Reliability 
is not just tested, but designed into each component 
Intel manufactures. 

QUALITY # RELIABILITY 

A quality component is one that meets your specifica- 
tion when received and tested. A reliable component 
continues to meet your specification even years after 
you have shipped your product. While Intel is a quality 
leader, we also adhere to stringent reliability standards 
which we have established for ourselves. 

Consider Quality vs. Reliability 

The true cost of any component involves more than just 
the purchase price. The true component cost encom- 
passes the initial purchase price, cost of rework during 
system production, and the cost of field repairs due to 
component failures. “Rework” costs during system 
production are incurred prior to shipment of your end 
product, and are a function of the quality of the compo- 
nent you purchase. 

Repair costs incurred in the field after end product 
shipments, are a function of the reliability of the com- 
ponents. In addition to the increasing real cost of a 
system field service call, there is the intangible cost of a 
poor reliability reputation to the end user of your prod- 
uct. These costs depend upon the reliability of the com- 
ponents you purchase. Thus, reliability may impact 
costs during the system lifetime more than the initial 
quality of the components! 

MONITOR PROGRAM 

Reliability is designed into each component Intel man- 
ufactures. From the moment the design is put to paper, 
stringent reliability standards must be met at each step 
for a product to bear the Intel name. 

Designing-in reliability, however, is only the beginning. 
Ongoing tests must be conducted to ensure that the 
original reliability specifications remain as valid in vol- 
ume production as they were when the device was first 
qualified. 

Intel’s Reliability Monitor Program, devised to mea- 
sure and control device reliability in production, is a 
proven tool that Intel has used for seven years and is 
now available to its customers. The Monitor Program 
subjects all of Intel’s technologies to a 48 hour dynamic 
burn-in at 125°C (with a portion of these devices con- 


tinued for a 1000 hour lifetest) and provides answers 
about device reliability that are not generally available 
from limited testing programs. But it’s much more than 
burn-in and device testing. When test rejects are en- 
countered, failure analysis is performed on each failed 
part. Isolating the fault and determining the failure 
mechanism is a critical part of the Monitor Program. It 
is the most comprehensive reliability program any- 
where. 

t he paramount objective is to deliver reiiabie, quality 
devices. Actions that Intel takes to meet this objective 
may include a process or design change, or added reli- 
ability screen. Each decision is made with our custom- 
ers in mind so that they receive the parts — and the 
performance — that they ordered by specifying Intel. 
Reliability qualification assures that all new production 
meets Intel’s reliability standards. The Reliability Mon- 
itor Program ensures that these high standards are 
continually maintained, day in, day out, over the dura- 
tion of a device’s life. This reliability improves the life- 
time reputation of your product, reducing the required 
number of field service calls. 

EPROM RELIABILITY DATA SUMMARY 

Intel routinely publishes this “EPROM Reliability 
Data Summary”, a continuing update of reliability in- 
formation covering Intel’s entire EPROM product line. 
This document includes a discussion on EPROM reli- 
ability testing methodology and the most current fail- 
ure rate calculations, failure analyses and lifetest re- 
sults. 

Intel’s commitment to the reliability of our products is 
clearly reflected in the information we make available 
to customers. We believe that supplying detailed reli- 
ability information to our customers is part of the total 
solution Intel offers, and is an important part of Intel’s 
leadership in microelectronics technology. 

EPROM RELIABILITY TESTING 

Intel EPROMs undergo comprehensive testing to in- 
sure electrical reliability. This testing is done at qualifi- 
cation and/or during ongoing monitor checks. Where 
testing differs for plastic packaged production 
EPROMs, it is so noted. 

Intel continually reviews its testing procedures and 
makes improvements to its methodology whenever 
overall reliability can be enhanced. Our goal is to be the 
industry leader in delivering reliable parts and no com- 
promises are accepted. 

Information on Intel’s reliability testing procedures 
follows. 
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High Temperature Dynamic Lifetest — This test is used 
to accelerate failure mechanisms by operating the de- 
vices at an elevated temperature of 125°C. During the 
test the memory is sequentially addressed and the out- 
puts are exercised, but not monitored or loaded. A 
checkerboard data pattern is used to simulate random 
patterns expected during actual use. Results of lifetest- 
ing have been summarized along with the failure analy- 
sis. 

In order to best determine long-term failure rate, all 
devices used for lifetesting are first subjected to stan- 
dard INTEL testing. The 48 hour burn-in results are an 
indication of infant mortality. These results are not in- 
cluded in the failure rate calculation. (See Figure 1 for 
typical burn-in bias and timing diagrams.) 



Figure 1. 2764A Burn-In Bias 
and Timing Diagrams 


Failure Rate Calculations — Failure rate calculations 
are given for each relevant activation energy. Failure 
rate calculations are made using the appropriate 
energy(l> 2 > 3 ,4) and the Arrhenius Plot as shown in Fig- 
ure 2*. The total equivalent device hours at a given 
temperature can be determined. The failure rate is then 


calculated by dividing the number of failures by the 
equivalent device hours and is expressed as a %/1000 
hours. To arrive at a confidence level associated failure 
rate, the failure rate is adjusted by a factor related to 
the number of device hours using a chi-square distribu- 
tion. A conservative estimate of the failure rate is ob- 
tained by including zero failures at 0.3 eV. Devices sub- 
mitted to stresses other than lifetest received a 168 hour 
lifetest prior to stressing. 

The activation energies for various failure mechanisms are listed in 
Table 1. For an explanation of this plot, see Appendix A. 



250 200 175 150 125 100 75 50 25 

TEMPERATURE “C 

210473-2 


Figure 2. Arrhenius Plot 


Table 1. Failure Mechanism Activation 
Energies Relevant to EPROMs 


Failure Mechanism 

Each 

Oxide 

0.3 

SBCL/SBCG/MBCL/MBCG 

0.6 

Contamination 

1.0 

Speed Degradation 

0.3-1.0 

Intrinsic Charge Loss 

1.4 
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Failure Definitions 

Oxide — An Oxide Failure Related Fault 

SBCL — Single Bit Charge Loss 

SBCG — Single Bit Charge Gain 

MBCL — Multiple Bit Charge Loss 

MBCG — Multiple Bit Charge Gain 

Contamination — Ionic Contamination Failure 

Speed Degradation — Device Speed Degraded Over Test 

A typical lifetest bias and timing diagram is shown in 
Figure 3. 

High Temperature 6.5V Dynamic Lifetest — This test is 
used to accelerate oxide breakdown failures. The test 
setup is identical to the one used for the dynamic life 
test except V<x and Vpp are at 6.5V. The acceleration 
factor due to this test can be found in Figure 4. This 
data plus the standard dynamic lifetest data are used to 
calculate the 0.3 eV failure rate. 

High Temperature Storage — This test is used to accel- 
erate charge loss from the floating gate. The test is per- 
formed by subjecting devices containing a 98% + 
programmed pattern to a 250°C bake (140° for plastic) 
with no applied bias. In addition to data retention, this 
test is used to detect mechanical reliability problems 
(e.g., bond integrity) and process instability. This test is 
sometimes referred to as Data Retention Bake Test. 

Temperature Cycle — This test consists of cycling the 
temperature of the chamber housing the subject devices 
from — 65°C to + 150°C and back. Two hundred cycles 
are performed with a complete cycle taking 20 minutes. 
This test is to detect mechanical reliability problems 
and microcracks. 

ESD Testing — This test is performed -to validate the 
products tolerance to Electro Static Discharge damage. 
All products incorporate ESD protection networks on 
appropriate pins. Two types of tests are performed. 
First, all devices are tested using Mil STD 883 test 
criteria. In addition, a charged device test is performed 


to further validate protection occurring during mechan- 
ical handling. 


Programmability — Device programmability is routine- 
ly monitored through the process of programming the 
devices for product monitors and qualifications. Pro- 
grammability is a distinct part of a product qual. All 
voltage combinations are qualified. Program margin is 
measured and tested on 100% of Intel EPROM prod- 
ucts. 



V CC 

p5m 

a 13 

As 

A 9 

- An 

SE 

- Aio 

<5E 

- 0 7 


Vcc = Vpp_= PGM = 5.25V 
V S s = CE = OE = GND 
All Outputs Floating 

10 U.S 

j t^i L__r 


Ao 

A,J 

a'x 

Binary Sequence from Aq to A x 




210473-3 


Figure 3. 2764A Lifetest Bias 
and Timing Diagram 


Type 

Supply 

Voltage 

(Volts) 

Oxide 

Thickness 

(A) 

Operating 

Stress 

(MV/cm) 

Acceleration Factor at % Over Stress 

10% 

20% 

30% 

50% 

100% 

HMOSE 

5 

700 

0.714 

3.2 

10 

32 

3.2E + 2 

1.0E + 5 

HMOS II E 

5 

400 

1.25 

7.5 

55 

422 

2.4E + 4 

5.6E + 8 

CHMOS II E 

5 

400 

1.25 

7.5 

55 

422 

2.4E + 4 

5.6E + 8 


ASSUMES: 

1. No bias generators 

2. Depletion loads 

3. Failure rate calculations use the appropriate acceleration factor for stress voltage and maximum operating voltage (conserva- 
tive). 

Figure 4. Time-Dependent Oxide Failure Acceleration 

*HMOS and CHMOS are patented processes of Intel Corporation. 
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CERDIP Reliability Data Summary 

The following data is an accumulation of recent qualifi- In addition, various parts are pulled from a sample lot 

cation and monitor program results. Failure rate calcu- when mechanical or handler problems cause failures to 

lation methods listed in Appendix A were used to occur. These “failures” are not a result of the specific 

arrive at the tabularized failure rates. Data for test just completed. They are removed from the sample 

CERDIP and plastic EPROMs is treated separately. lot size and are not included in any failure rate calcula- 

tion. It can also happen that a particular test is done 
In reviewing the reliability data as presented, questions incorrectly through human error or fauity tesi equip- 

may arise as to why lot sizes often decrease from one ment and these suspected “invalid” failures are put 

test to another without a corresponding number of aside for retesting at a later date, decreasing the lot size 

identified failures. This is due to a variety of factors. for a succeeding test. If these parts are found to be truly 

Many tests require smaller sample sizes and as a result defective, they are treated as failures and listed. If they 

all parts from a previous test do not necessarily flow test out properly, they are removed from any calcula- 

through to a succeeding test. tion data base. 
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D2732A 


The Intel 2732 A (CERDIP) is a 32K ultraviolet eras- 
able and Electrically Programmable Read Only Memo- 
ry (EPROM). 

Number of Bits: 32,768 

Organization: 4K x 8 

Pin Out: 24 pin, JEDEC Approved 


Die Size: 163 x 97 mil. 

Process: HMOS-E 

Cell Size: 11.5 x 8.75 /xM 

Programming Voltage: 21.0V 
Technology NMOS 


Table 1: Reliability Data Summary 


Year 

Burn-In 

48 Hrs 

125°C Dynamic 

Lifetest 

6.5V Dynamic 

Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

1988 

3/21982 

5/21977 

0/2112 

0/2111 

0/1056 

0/1056 

0/1055 

0/0 

1989 

0/10998 

0/10997 

0/192 

0/192 

0/672 

0/672 

0/672 

0/575 

Totals 

3/32980 

5/32974 

0/2304 

0/2303 

0/1728 

0/1728 

0/1727 

0/575 


A 

B 








Table 2: Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

200 Temp 
Cycles 

48 Hrs 

168 Hrs 

500 Hrs 

1988 

4/2836 

1/2830 

1/2828 

0/858 

1989 

2/1419 

1/1417 

0/1031 

0/779 

Totals 

6/4255 

2/4247 

1/3859 

0/1637 


c 

D 

E 
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D2732A (Continued) 


Table 3: Failure Rate Predictions 


125°C Actual 
Device Hours 

Ea 

(eV) 

Equivalent Hours 

# 

Fail 

Fail Rate %/1K Hrs 
(60% UCL) 

55°C 

70°C 

55°C 

70°C 

. , J 

. 






0.0 f /N IV“ 

U.O 0.1. 

O.O^t XX 1 \J ■ 

£.. IU /\ 1 vx 

• 



1.15 X 106 

0.3*VAF 

6.55 X 107 

4.23 X 107 

0 



Total 0.3 eV Failures = 

1 

0.0020 

0.0032 

5.87 X 106 

0.6 B.l. 

1.90 X 108 

7.94 X 107 

3 



1.99 X 106 

0.6 BAKE 

5.46 X 109 

2.16 X 109 

9 



1.15 X 106 

0.6 HVELT 

3.72 X 107 

1.56 X 107 

0 



Total 0.6 eV Failures = 

12 

0.0002 

0.0006 

5.87 X 106 

1.0 B.l. 

1.93 X 109 

4.51 X 108 

1 



1.15 X 106 

1.0 HVELT 

3.79 X 108 

8.84 X 107 

0 



Total 1.0 eV Failures = 

1 

0.0001 

0.0004 




Combined Failure Rate: 

0.0023 

0.0042 





FITs: 

23 

42 


48 Hour Burn-In Infant Mortality: 91 DPM 


Thermal Accel. Factors 


Theta Ja = 

55° C/W 

Temp with 0j a 



55°C 

70°C 

V CC = 

5.50V 

T(55) = 347.92°K 

BI/ELT 

0.3 

5.7 

3.7 

Ice @ 55 = 

69 mA 

T(70) = 363.79°K 

Accel. 

0.6 

32.4 

43.5 

IqC @ 70 = 

72 mA 

T(125) = 421 .25°K 

Factors: 

1.0 

329.1 

76.8 

Ice ® 125 = 

80 mA 

T(250) = 523.1 5°K 








250°C Bake 0.3 

N/A 

N/A 



K = 8.62 X 10“ 5 eV/°K 

Accel. 

0.6 

2737.2 

1081.8 




Factors: 

1.0 

N/A 

N/A 


Voltage Accel. Factor (VAF) 

for HVELT on this process is = 10 

NOTE: 

FIT = Failure Unit. 1 FIT = 1 failure per 10 9 device hours. 


Failure Analysis: 


A. 1 -column charge loss 

0.6 eV 

C. 5-SBCL 

0.6 eV 

2-SBCG 

0.6 eV 

1-SBCG 

0.6 eV 

B. 2-SBCG 

0.6 eV 

D. 2-SBCL 

0.6 eV 

1 -ionic contamination 

1.0 eV 

E. 1-SBCL 

0.6 eV 

1 -oxide breakdown 

0.3 eV 



1-line corrosion 

0.6 eV 
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D2764A 


The Intel 2764 A (CERDIP) is a 64K ultraviolet eras- 
able and Electrically Programmable Read Only Memo- 
ry (EPROM). 

Number of Bits: 65,536 

Organization: 8K x 8 

Pin Out: 28 pin, JEDEC Approved 


Die Size: 

Process: 

Cell Size: 

Programming Voltage: 
Technology: 


98 x 117 mils 
HMOS II-E 
6x6 jutM 
12.5V 
NMOS 


Table 1: Reliability Data Summary 


Year 

Burn-In 

48 Hrs 

125°C Dynamic Lifetest 

6.5V Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

1988 

0/15993 

2/15990 

0/1536 

0/1536 

0/768 

0/768 

1/768 

0/0 

1989 

0/4923 

1/4921 

0/192 

0/192 

0/384 

0/383 

0/383 

0/285 

Totals 

0/20916 

3/20911 

0/1728 

0/1728 

0/1152 

0/1151 

1/1151 

0/285 



A 





B 



Table 2: Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

200 Temp 
Cycles 

48 Hrs 

168 Hrs 

500 Hrs 

1988 

6/2063 

1/2056 

2/2045 

0/623 

1989 

0/645 

0/644 

0/644 

0/234 

Totals 

6/2708 

1/2700 

2/2689 

0/857 


C 

D 

E 
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D2764A (Continued) 


Table 3: Failure Rate Predictions 


125°C Actual 
Device Hours 

Ea 

(eV) 

Equivalent Hours 

# 

Fail 

Fail Rate %/1K Hrs 
(60% UCL) 

55°C 

70°C 

55°C 

70°C 

3.35 X i 05 

0.3 B.i. 

2.1 7 X 1 07 

A A A VX A r\ 7 

1 .-t-t XX 1 KJ ■ 

A 

1 



7.18 X 105 

0.3*VAF 

2.16 X 108 

1.43 X 108 

1 



Total 0.3 eV Failures = 

1 

0.0013 

0.0020 

3.95 X 106 

0.6 B.I. 

1.20 X 108 

5.25 X 107 

2 



1.34 X 106 

0.6 BAKE 

3.69 X 109 

1.46 X 109 

9 



7.18 X 105 

0.6 HVELT 

2.17 X 107 

9.55 X 106 

0 



Total 0.6 eV Failures = 

11 

0.0003 

0.0008 

3.95 X 106 

1.0 B.I. 

1.16 X 109 

2.95 X 108 

0 



7.18 X 105 

1.0 HVELT 

2.11 X 108 

5.36 X 107 

0 



Total 1.0 eV Failures = 

0 

0.0000 

0.0000 




Combined Failure Rate: 

0.0016 

0.0028 





FITs: 

16 

28 


48 Hour Burn-In Infant Mortality: 0 DPM 


Thermal Accel. Factors 


Theta Ja = 

48°C/W 

Temp with 0j a 


55°C 

70°C 

Vcc = 

5.50V 

T(55) = 340.1 0°K 

BI/ELT 0.3 

5.5 

3.6 

Ice @55 = 

48 mA 

T(70) = 354.34°K 

Accel. 0.6 

30.3 

13.3 

Ice @70 = 

45 mA 

T(125) = 408.08°K 

Factors: 1.0 

294.1 

74.6 

ICC @125 = 

40 mA 

T(250) = 523.1 5° K 

250°C Bake 0.3 

N/A 

N/A 



K = 8.62 X 10~ 5 eV/°K 

Accel. 0.6 

2737.2 

1081.8 




Factors: 1 .0 

N/A 

N/A 




Voltage Accel. Factor (VAF) 
for HVELT on this process is = 

55 


NOTE: 

FIT = Failure Unit. 1 FIT = 1 


Failure Analysis: 

A. 1 -oxide breakdown 
1-MBCL 
1-SBCL 

B. 1 -oxide breakdown 

C. 2-MBCL 
3-SBCL 

1 -oxygen doner 


failure per 10 9 device hours. 


0.3 eV 
0.6 eV 
0.6 eV 
0.3 eV 
0.6 eV 
0.6 eV 
0.6 eV 


D. 1-MBCL 

E. 1-SBCL 
1-MBCL 


0.6 eV 
0.6 eV 
0.6 eV 
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D27128A 


The Intel 27128A (CERDIP) is a 128K ultraviolet 
erasable and Electrically Programmable Read Only 
Memory (EPROM). This part differs from the 27128 in 
that it requires 12.5 Vpp vs. 21.0 Vpp and the process 
technology is HMOS II-E vs. HMOS-E. 

Number of Bits: 131,072 

Organization: 16K x 8 

Pin Out: 28 pin, JEDEC Approved 


Die Size: 
Process: 
Cell Size: 


169 x 117 mils 
HMOS II-E 
6x6 p,M 


Programming Voltage: 12.5V 
Technology: NMOS 


Table 1: Reliability Data Summary 


Year 

Burn-In 

48 Hrs 

125°C Dynamic Lifetest 

6.5V Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

1988 

0/5953 

0/5952 

0/576 

0/576 

1/288 

0/286 

0/286 

0/0 

1989 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

Totals 

0/5953 

0/5952 

0/576 

0/576 

1/288 

0/286 

0/286 

0/0 






A 





Table 2: Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

200 Temp 

Cycles 

48 Hrs 

168 Hrs 

500 Hrs 

1988 

1/774 

0/772 

1/771 

0/234 

1989 

0/0 

0/0 

0/0 

0/0 

Totals 

1/774 

0/772 

1/771 

0/234 


B 


C 
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Table 3: Failure Rate Predictions 


125°C Actual 
Device Hours 

Ea 

(eV) 

Equivalent Hours 

# 

Fail 

Fail Rate %/1K Hrs 
(60% UCL) 

55°C 

70°C 

55° C 

70°C 

1.19 X 1 G 2 

0.3 B.l. 

« J 1 v . J C 

O. 1 H A IU~ 

i J n w J AC 

H. IO A IU- 

0 



1.43 X 105 

0.3*VAF 

4.02 X 107 

2.74 X 107 

0 



Total 0.3 eV Failures = 

0 

0.0020 

0.0029 

1.19 X 106 

0.6 B.l. 

3.16 X 107 

1.46 X 107 

0 



3.86 X 105 

0.6 BAKE 

1.05 X 109 

4.17 X 108 

2 



1.43 X 105 

0.6 HVELT 

3.78 X 106 

1.75 X 106 

1 



Total 0.6 eV Failures = 

3 

0.0004 

0.0010 

1.19 X 106 

1.0 B.l. 

2.80 X 108 

7.78 X 107 

0 



1.43 X 105 

1.0 HVELT 

3.36 X 107 

9.32 X 106 

0 



Total 1.0 eV Failures = 

0 

0.0000 

0.0000 




Combined Failure Rate: 

0.0024 

0.0039 





FITs: 

24 

39 


48 Hour Burn-In Infant Mortality: 0 DPM 


Thermal Accel. Factors 


Theta Ja = 

45°C/W 

Temp with 0j a 



55°C 

70°C 

Vcc = 

5.50V 

T(55) = 346.90°K 

BI/ELT 

0.3 

5.1 

3.5 

| C c @55 = 

80 mA 

T(70) = 360.72°K 

Accel. 

0.6 

26.4 

12.3 

| C c @70 = 

75 mA 

T(125) = 414.54°K 

Factors: 

1.0 

234.7 . 

65.1 

Ice @125 = 

70 mA 

T(250) = 523.1 5°K 








250°C Bake 0.3 

N/A 

N/A 



K = 8.62 X 10-5eV/°K 

Accel. 

0.6 

2737.2 

1081.8 




Factors: 

1.0 

N/A 

N/A 


Voltage Accel. Factor (VAF) 

for HVELT on this process is = 55 


NOTE: 

FIT = Failure Unit. 1 FIT = 1 failure per 10 9 device hours. 

Failure Analysis: 

A. 1-SBCG 0.6 eV 

B. 1-SBCL 0.6 eV 

C. 1 -multi bit charge loss 0.6 eV 
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Intel 27256 (CERDIP) is a 256K ultraviolet erasable 
and Electricaly Programmable Read Only Memory 
(EPROM). 

Number of Bits: 262, 144 

Organization: 32K x 8 

Pin Out: 28 pin, JEDEC Approved 


Die Size: 180 x 193 mils 

Process: HMOS II-E 

Cell Size: 6x6 juiM 

Programming Voltage: 12.5V 
Technology: NMOS 


Table 1: Reliability Data Summary 


Year 

Burn-In 

48 Hrs 

125°C Dynamic Lifetest 

6.5V Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

1988 

0/13954 

1/13909 

0/1344 

1/1344 

0/672 

0/672 

0/633 

0/0 

1989 

3/10715 

4/10709 

0/384 

0/383 

0/864 

0/864 

0/863 

0/671 

Totals 

4/24669 

5/24618 

0/1728 

0/1727 

0/1536 

0/1536 

0/1526 

0/671 


A 

B 








Table 2: Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

200 

Temp Cycles 

48 Hrs 

168 Hrs 

500 Hrs 

1988 

7/1806 

8/1799 

8/1790 

0/545 

1989 

2/1404 

7/1402 

5/1395 

0/546 

Totals 

9/3210 

15/3201 

13/3185 

0/1091 


C 

D 

E 
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D27256 (Continued) 


Table 3: Failure Rate Predictions 


125°C Actual 
Device Hours 

Ea 

(eV) 

Equivalent Hours 



55° C 


55°C 

70°C 

a iu'-' 

0.3 B.l. 

2.27 X 1Q7 

A r- a w /".V 

1 .iJM- XX 1 W 

c. 



1.10 X 106 

0.3 ♦VAF 

3.10 X 108 

2.11 X 108 

0 



Total 0.3 eV Failures = 

2 

0.0009 

0.0014 

4.39 X 106 

0.6 B.l. 

1.17 X 108 

5.41 X 107 

2 



1.59 X 106 

0.6 BAKE 

4.37 X 109 

1.73 X 109 

37 



1.10 X 106 

0.6 HVELT 

2.94 X 107 

1.36 X 107 

0 



Total 0.6 eV Failures = 

39 

0.0009 

0.0023 

4.39 X 106 

1.0 B.l. 

1.05 X 109 

2.89 X 108 

1 



1.10 X 106 

1.0 HVELT 

2.62 X 108 

7.24 X 107 

0 



| 

Total 1.0 eV Failures = 

1 

0.0002 

0.0006 



Combined Failure Rate: 

0.0020 

0.0043 





FITs: 

20 

43 


48 Hour Burn-In Infant Mortality: 162 DPM 


Thermal Accel. Factors 


Theta Ja = 

44°C/W 

Temp with 6j a 



55° C 

70°C 

Vcc = 

5.50V 

T(55) = 346.48°K 

BI/ELT 

0.3 

5.2 

3.5 

Iqc @55 - 

80 mA 

T(70) = 360.33°K 

Accel. 

0.6 

26.7 

12.3 

Ice @70 = 

75 mA 

T(125) = 414.17°K 

Factors: 

1.0 

238.4 

65.8 

Ice @125 

70 mA 

T(250) = 523.1 5°K 

250° Bake 

0.3 

N/A 

N/A 



K = 8.62 X 10-5eV/°K 

Accel. 

0.6 

2737.2 

1081.8 




Factors: 

1.0 

N/A 

N/A 


Voltage Accel. Factor (VAF) 

for HVELT on this process is = 55 


NOTE: 

FIT = Failure Unit. 1 FIT = 

1 failure per 10 9 device hours. 


Failure Analysis: 

A. 2-SBCL 

0.6 eV 

C. 

6-SBCL 

0.6 eV 

1 -ionic breakdown 

1.0 eV 


2-clustered bit charge loss 

0.6 eV 

1 -oxide breakdown 

0.3 eV 


1-MBCL 

0.6 eV 

B. 2-oxide breakdown 

0.3 eV 

D. 

15-SBCL 

0.6 eV 

1 -package crack 

1.0 eV 

E. 

5-SBCL 

0.6 eV 

1 -decoder charge loss 

0.6 eV 


5-clustered bit charge loss 

0.6 eV 

1 -single row charge loss 

0.6 eV 


3-MBCL 

0.6 eV 
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The Intel 27C256 (CERDIP) is a 256K ultraviolet eras- 
able and Electrically Programmable Read Only Memo- 
ry (EPROM). 

Number of Bits: 262, 144 

Organization: 32K x 8 

Pin Out: 28 Pin JEDEC Approved 


Die Size: 

Process: 

Cell Size: 

Programming Voltage: 
Technology: 


172 x 176 mils 
CHMOS II-E 
6x6 jaM 
12.5V 
CMOS 


Table 1: Reliability Data Summary 


Year 

Burn-In 

48 Hrs 

125°C Dynamic 

Lifetest 

6.5V Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

1988 

2/14976 

1/14973 

0/960 

0/863 

0/432 

0/432 

0/431 

0/0 

1989 

0/10937 

0/10931 

0/1055 

0/1055 

0/864 

0/864 

0/863 

0/0 

Totals 

2/25913 

1/25904 

0/2015 

0/1918 

0/1296 

0/1296 

0/1294 

0/0 


A 

B 








Table 2: Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

200 

Temp Cycles 

48 Hrs 

168 Hrs 

500 Hrs 

1988 

0/1934 

2/1921 

0/1401 

0/390 

1989 

0/1418 

2/1417 

1/1414 

0/702 

Totals 

0/3352 

4/3338 

1/2815 

0/1092 



C 

D 
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Table 3: Failure Rate Predictions 


125°C Actual 
Device Hours 

Ea 

(eV) 

Equivalent Hours 

# 

Fail 

Fail Rate %/1K Hrs 
(60% UCL) 

55°C 

70°C 

55° C 

70°C 

A 7A v m6 

n g r i 

q nn v i n7 

iQn'y i n7 

i 



6.47 X 105 

0.3*VAF 

2.24 X 108 

1.41 X 108 

0 



Total 0.3 eV Failures = 

1 

0.0008 

0.0013 

4.74 X 106 

0.6 B.l. 

1.90 X 108 

7.59 X 107 

2 



1.50 X 106 

0.6 BAKE 

4.10 X 109 

1.62 X 109 

3 



6.47 X 105 

0.6 HVELT 

2.59 X 107 

1.04 X 106 

0 



Total 0.6 eV Failures = 

5 

0.0001 

0.0004 

4.74 X 106 

1.0 B.l. 

2.22 X 109 

4.82 X 108 

0 



6.47 X 105 

1.0 HVELT 

3.04 X 107 

6.59 X 107 

0 



Total ,1.0 eV Failures = 

0 

0.0000 

0.0000 



Combined Failure Rate: 

0.0009 

0.0017 





FITs: 

9 

17 


48 Hour Burn-In Infant Mortality: 77 DPM 


Thermal Accel. Factors 


Theta Ja = 

40°C/W 

Temp with 0j a 



55°C 

70°C 

Vcc = 

5.50V 

T(55) = 330.35°K 

BI/ELT 

0.3 

6.3 

4.0 

Ice @55 — 

10 mA 

T(70) = 345.35°K 

Accel. 

0.6 

40.1 

16.0 

Iqc @70 = 

10 mA 

T(125) = 400.35°K 

Factors: 

1.0 

468.9 

101.7 

Ice @125 = 

10 mA 

T(250) = 523.1 5°K 

250° Bake 

0.3 

N/A 

N/A 



K = 8.62 X 10~ 5 eV/°K 

Accel. 

0.6 

2737.2 

1081.8 




Factors: 

1.0 

N/A 

N/A 


Voltage Accel. Factor (VAF) 

for HVELT on this process is = 55 

NOTE: 

FIT = Failure Unit. 1 FIT = 1 failure per 10 9 device hours. 


Failure Analysis: 


A. 

1 -charge loss (defect) 

0.6 eV 


1 -charge gain (defect) 

0.6 eV 

B. 

1 -oxide breakdown 

0.3 eV 

C. 

2-charge loss (defect) 

0.6 eV 


2-charge loss (intrinsic) 

1.0 eV 

D. 

1 -charge loss (defect) 

0.6 eV 
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The Intel 87C257 (CERDIP) is a 25 6K ultraviolet eras- 
able and Electrically Programmable Read Only Memo- 
ry (EPROM) which incorporates an internal address 
latch. 

Number of Bits: 262, 144 

Organization: 32K x 8 

Pin Out: 28 Pin JEDEC Approved 


Die Size: 182 x 175 mils 

Process: CHMOS II-E 

Cell Size: 6x6 jaM 

Programming Voltage: 12.5V 
Technology: CMOS 


Table 1: Reliability Data Summary 


Year 

Burn-In 

48 Hrs 

125°C Dynamic Lifetest 

6.5V Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

1988 

0/6965 

0/6961 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

1989 

0/2951 

0/2951 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

Totals 

0/9916 

0/9912 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 











Table 2: Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

200 Temp 
Cycles 

48 Hrs 

168 Hrs 

500 Hrs 

1988 

2/903 

1/901 

0/0 

0/0 

1989 

0/187 

1/187 

0/0 

0/0 

Totals 

2/1090 

2/1088 

0/0 

0/0 


A 

B 
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D87C257 (Continued) 


Table 3: Failure Rate Predictions 


125°C Actual 
Device Hours 

Ea 

(eV) 

Equivalent Hours 

# 

Fail 

Fail Rate %/1K Hrs 
(60% UCL) 

55°C 

70°C 

55° C 

70°C 

-1 -j O y -jQfi 

no p! 

7CO_VjU)fi 

A 7C v infi 

n 



0 

0.3*VAF 

0 

0 

0 



Total 0.3 eV Failures = 

0 

0.0122 

0.0192 

1.19 X 106 

0.6 B.l. 

4.16 X 107 

1.90 X 107 

0 



1.83 X 105 

0.6 BAKE 

5.01 X 108 

1.98 X 108 

2 



0 

0.6 HVELT 

0 

0 

0 



Total 0.6 eV Failures = 

2 

0.0006 

0.0014 

1.19 X 106 

1.0 B.l. 

5.58 X 108 

1.21 X 108 

0 



0 

1.0 HVELT 

0 

0 

0 



Total 1.0 eV Failures = 

0 

0.0000 

0.0000 



Combined Failure Rate: 

0.0128 

0.0206 





FITs: 

128 

206 


48 Hour Burn-In Infant Mortality: 0 DPM 


Thermal Accel. Factors 


Theta Ja = 

40°C/W 

Temp with 0j a 


55°C 

70°C 

Vcc = 

5.50V 

T(55) = 330.35°K 

BI/ELT 0.3 

6.3 

4.0 

Ice @55 = 

10 mA 

T(70) = 345.35°K 

Accel. 0.6 

40.1 

16.0 

Ice @70 = 

10 mA 

T(1 25) = 400.35°K 

Factors: 1 .0 

468.9 

101.7 

lee @125 = 

10 mA 

T(250) = 523.1 5° K 

250°C Bake 0.3 

N/A 

N/A 



K = 8.62 X 10 -5 eV/°K 

Accel. 0.6 

2737.2 

1081.8 




Factors: 1 .0 

N/A 

N/A 




Voltage Accel. Factor (VAF) 
for HVELT on this process is = 

55 


NOTE: 

FIT = Failure Unit. 1 FIT = 1 failure per 10 9 device hours. 


Failure Analysis: 

A. 1 -charge loss (defect) 0.6 eV 
1 -charge loss (intrinsic) 1 .0 eV 

B. 1 -charge loss (defect) 0.6 eV 
1 -charge loss (intrinsic) 1 .0 eV 
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Plastic Reliability Data Summary 


INTRODUCTION 

The following information is written to provide OTP 
(one time programmable) users with the description 
and reliability summary of Intel’s plastic production 
EPROMs in both DIP and PLCC packages. It includes 
brief test descriptions, a description of plastic packag- 
ing compounds and the reliability data obtained during 
the qualification and subsequent product monitors of 
the P2764A, P27128A, P27256 and P/N27C256 devic- 
es. 


PLASTIC PACKAGE 
CHARACTERISTICS 

The EPROM plastic package is composed of flame re- 
tardant plastic/epoxy which meets the rating require- 
ments of US94V0 %" minimum. The die attach incor- 
porates a silver-filled adhesive die attach on a silver 
spot plated leadframe. Bonding is accomplished 
through gold thermal compression bonding and lead 
finish is either tin plated or 60/40 solder dipped tin/ 
lead. 


EPROM ELECTRICAL 
CHARACTERISTICS 

OTP EPROMs in plastic are tested to the same electri- 
cal/parametric levels as their counterparts in CERDIP. 
The characteristics include input/output voltage levels, 
speeds, leakage, and power requirement characteristics 
over the full commercial temperature operating range 
of 0°C-70°C. Performance capabilities are identical to 
that of CERDIP EPROMs with speeds to 200 ns cur- 
rently available. 


RELIABILITY/QUALITY STRESSES 

High Temperature 125°C Dynamic Lifetest (HTDL) — 

This test is used to accelerate failure mechanisms by 
operating the devices at an elevated temperature of 
125°C. During the test, the memory is sequentially ad- 
dressed and outputs are exercised but not monitored or 
loaded. A checkerboard data pattern is typically used 
to simulate random patterns expected during actual 
use. Results of lifetesting have been summarized along 
with failure analysis. In order to best determine long- 
term failure rates, all devices used for lifetesting are 
subjected to a standard Intel screening. The 48-hour 
burn-in results measure infant mortality and are not 
included in the failure rate calculations. 


High Temperature Extended Lifetest (HTELT) — This 
test is also performed at 125°C but uses a smaller sam- 
ple size. The parts are kept in the full active mode for 
the duration of the test with outputs driven. The test is 
intended to evaluate the long-term reliability of the 
product. 

High Voltage 6.5V Extended Lifetest (HVELT)— This 
test is used to accelerate oxide breakdown failures. The 
test is set up identical to the one used for dynamic life- 
test except for Vcc an d Vpp which are raised to 6.5V. 
The voltage acceleration factor for this configuration 
on Intel HMOS I IE product has been determined to be 
55 and is applicable to the 0.3 eV failure mode compo- 
nents. 

High Temperature Storage — This test is used to accel- 
erate charge loss from the floating gate. The test is per- 
formed by subjecting devices containing a 98% + pro- 
gram pattern to a 140°C bake with no applied bias. In 
addition to data retention, this test can also be used to 
detect mechanical reliability problems such as bond in- 
tegrity or process instabilities. The test is sometimes 
referred to as a data retention bake test. 

Programmability — Device programmability is routine- 
ly monitored through the process of programming the 
devices for product monitors and qualifications. Pro- 
grammability is treated as a distinct part of a product 
qualification. All voltage combinations are qualified. 
Program margin is measured and tested on 100% of 
Intel EPROM products. The new Quick-Pulse Pro- 
gramming™ Algorithm has been extensively verified 
and the data easily surpasses the 99.5% programmabili- 
ty criteria of Intel’s qualification requirements. Qualifi- 
cation results are presented in the following table: 


Product 

Quantity 

# Fail 

% Yield 

P2764A 

8269 

0 

100% 

P27128A 

10,399 

2 

99.98% 

P27256 

19,040 

10 

99.95% 

N27C256 

2079 

1 

99.95% 


MOISTURE RESISTANCE 

Two types of moisture resistance testing are performed 
by Intel. The first is 8 5° C/8 5% relative humidity 
stressing and the second is steam stressing consisting of 
121°C, 2 atm. 
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During the, 85° C/85% relative humidity test, the devic- 
es are subjected to a high temperature, high humidity 
environment. The object of the test is to accelerate fail- 
ure mechanisms through an electrolytic process. This is 
accomplished through a combination of moisture pene- 
tration of the plastic, voltage potentials and contamina- 
tion which, if present, would combine with the mois- 
ture to act as an electrolyte. See Figure 1 for typical 
85/85 Bias Diagram. 

Steam stressing accelerates moisture penetration 
through the plastic package material to the surface of 
the die. The objective of this test is to accelerate failures 
of the device as a result of moisture on the die surface. 
Corrosion, as typically seen in plastic encapsulated de- 
vices, is a very minor contributor to the EPROM fail- 
ure mechanisms. Due to the floating gate storage cell 
composition, EPROMs have a distinctive failure mode 
which requires special considerations and solutions. 


The floating gate itself is a highly phosphorous doped 
structure on which electrons are stored, thus creating 
the non-volatile memory cell. Passivation defects or 
marginalises can allow moisture penetration to a single 
EPROM cell causing oxide deterioration, thus showing 
up as a charge loss failure. This becomes the predomi- 
nant failure mode for EPROMs, opposed to corrosion 
which historically has been the dominant plastic mode 
of failure. Intel has developed a proprietary, multi-layer 
passivation which has successfully solved this problem. 


QUALITY/RELIABILITY STANDARDS 

The table below contains Intel’s current requirements 
for qualification for plastic OTP EPROMs. The failure 
rate criteria has been established based on a survey of 
major customers world-wide. Intel consistently meets 
or exceeds these requirements. 


HTDL 

48-Hr 

HTELT 

1 68/500/ IKHrs 

140°C Bake 
48/168/500-Hrs 

HVELT 

168/500/ IKHrs 

Steam 

168-Hrs 

85/85 

IKHrs 


V^._ 


J 



<.05% 

<200 FITs Combined Failure Rate 

<2% 

<0.5% cum 
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P2764A 

The P2764A is functionally identical to the 2764 A except that it is housed in a windowless plastic package and is 
one-time programmable. 


Table 1: Reliability Data Summary 


Year 

Burn-In 

48 Hrs 

125°C Dynamic Lifetest 

6.5V Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

1988 

1/2668 

1/2667 

0/384 

0/384 

0/192 

0/192 

0/192 

0/0 

1989 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

Totals 

1/2668 

1/2667 

0/384 

0/384 

0/192 

0/192 

0/192 

0/0 


A 

B 








Table 2: Additional Qualification Tests 


Year 

140°C 

Data Retention Bake 

200 

Temp 

Cycles 

168 Hrs 
Steam 

85°C/85% RH 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

1988 

0/0 

0/0 

0/514 

0/514 

0/156 

0/192 

0/396 

0/396 

0/396 

1989 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

Totals 

0/0 

0/0 

0/514 

0/514 

0/156 

0/192 

0/396 

0/396 

0/396 












Table 3: Failure Rate Predictions 


125°C Actual 
Device Hours 

Ea 

(eV) 

Equivalent Hours 

# 

Fail 

Fail Rate %/ IK Hrs 
(60% UCL) 

55° C 

70°C 

55°C 

70°C 

6.39 X 105 

0.3 B.l. 

2.98 X 106 

2.08 X 106 

0 



9.60 X 104 

0.3*VAF 

2.44 X 107 

1.71 X 107 

0 



Total 0.3 eV Failures = 

0 

0.0033 

0.0048 

6.39 X 105 

0.6 B.l. 

1.39 X 107 

6.79 X 106 

0 



5.14 X 105 

0.6 BAKE 

4.06 X 107 

1.60 X 107 

0 



9.60 X 104 

0.6 HVELT 

2.09 X 106 

1.02 X 106 

0 



Total 0.6 eV Failures = 

0 

0.0000 

0.0000 

6.39 X 105 

1.0 B.l. 

1.08 X 108 

3.28 X 107 

1 



9.60 X 104 

1.0 HVELT 

1.62 X 107 

4.92 X 106 

0 



Total 1.0 eV Failures = 

1 

0.0016 

0.0054 



Combined Failure Rate: 

0.0049 

0.0102 





FITs: 

49 

102 


48 Hour Burn-In Infant Mortality: 375 DPM 
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P2764A (Continued) 


Thermal Accel. Factors 


Theta Ja = 

103°C/W 

Temp with 0j a 


55°C 

70°C 

V C c = 

5.25V 

T(55) = 353.96°K 

BI/ELT 0.3 

4.7 

3.3 

Ice @55 = 

48 mA 

T(70) = 367.33°K 

Accel. 0.6 

21.7 

10.6 

Ice @70 = 

45 mA 

T(125) = 419.63°K 

Factors: 1 .0 

169.1 

51.3 

1 /O A OP 

ICC ^ — 

Af\ A 

*TU 111/-% 

~T t A AC\\ — A A n AEOl/ 
HIT \J/ TIU.IV 1 \ 

140° Bake 0.3 

N/A 

N/A 



K = 8.62 X 10-5eV/°K 

Accel. 0.6 

79.0 

31.2 




Factors: 1 .0 

N/A 

N/A 




Voltage Accel. Factor (VAF) 
for HVELT on this process is = 55 



NOTE: 

FIT = Failure Unit. 1 FIT = 1 failure per 10 9 device hours. 

Failure Analysis: 

A. 1 -microcracks 0.6 eV 

B. 1 -ionic contamination 1.0 eV 
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P27128A 


The P27128A is functionally identical to the 27 128 A except that it is housed in a windowless plastic package and is 
one-time programmable. 


Table 1: Reliability Data Summary 


Year 

Burn-In 

48 Hrs 

125°C Dynamic Lifetest 

6.5V Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

1988 

0/2673 

0/2673 

0/384 

0/384 




0/0 


0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 


0/2673 

0/2673 



0/192 














Table 2: Additional Qualification Tests 



140°C Data Retention Bake 

200 Temp 
Cycles 

168 Hrs 
Steam 

85°C/85% RH 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

1988 


0/0 

0/516 

0/514 








0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

0/0 

Totals 

0/0 

0/0 

0/516 

0/514 

0/156 

0/312 

0/384 

0/373 

1/369 










A 


Table 3: Failure Rate Predictions 


125°C Actual 
Device Hours 

Ea 

(eV) 

Equivalent Hours 

# 

Fail 

Fail Rate %/1K Hrs 
(60% UGL) 

55°C 

70°C 

55°C 

70° C 

6.40 X 105 

0.3 B.l. 

2.65 X 106 

1.94 X 106 

0 



9.60 X 104 

0.3*VAF 

2.17 X 107 

1.59 X 107 

0 



Total 0.3 eV Failures = 

0 

0.0038 

0.0051 

6.40 X 105 

0.6 B.l. 

1.10 X 107 

5.89 X 106 

0 



4.28 X 105 

0.6 BAKE 

3.38 X 107 

1.34 X 107 

0 



9.60 X 104 

0.6 HVELT 

1.65 X 106 

8.83 X 105 

0 



Total 0.6 eV Failures = 

0 


0.0000 

6.40 X 105 

1.0 B.l. 

7.30 X 107 

2.59 X 107 

0 



9.60 X 104 

1.0 HVELT 

1.09 X 107 

3.88 X 106 

0 



Total 1 .0 eV Failures = 

0 

0.0000 

0.0000 



Combined Failure Rate: 

0.0038 

0.0051 





FITs: 

38 

51 


48 Hour Burn-In Infant Mortality: 0 DPM 


5-312 
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P27128A (Continued) 


Thermal Accel. Factors 


Theta Ja = 

95°C/W 

Temp with 0 ja 



55°C 

70°C 

Vcc = 

5.25V 

T(55) = 367.95°K 

BI/ELT 

0.3 

4.1 

3.0 

Ice @55 = 

80 mA 

T(70) = 380.41 °K 

Accel. 

0.6 

17.1 

9.2 

Ice @70 = 

75 mA 

T(125) = 432.91°K 

Factors: 

1.0 

114.1 

40.4 

Ice @125 = 

70 mA 

T(140) = 41 3.1 5° K 

140° Bake 

0.3 

N/A 

N/A 



K = 8.62 X 10“ 5 eV/°K 

Accel. 

0.6 

79.0 

31.2 




Factors: 

1.0 

N/A 

N/A 


Voltage Accel. Factor (VAF) 
for HVELT on this process is = 55 


NOTE: 

FIT = Failure Unit. 1 FIT = 1 failure per 10 9 device hours. 


Failure Analysis: 


A. 1 -oxide breakdown 


0.3 eV 


RR-35 


inteT 


P27256 


The P27256 is functionally identical to the 27256 except that it is housed in a windowless plastic package and is one- 
time programmable. 


Table 1: Reliability Data Summary 


Year 

Burn-In 

48 Hrs 


6.5V Dynamic Lifetest 








1988 

2/8706 

1/8662 

0/1248 

0/1248 








0/288 

0/288 


0/615 

0/615 

i 

Totals 

2/15390 

2/15342 

0/1536 

0/1536 

0/1248 

0/1239 

1/1206 

0/470 


A 

B 





C 



Table 2: Additional Qualification Tests 



140°C 

Data Retention Bake 

200 Temp 
Cycles 

168 Hrs 
Steam 

85°C/85% RH 


168 Hrs 

500 Hrs 

IK Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

1988 

0/0 

0/0 

2/1672 

0/1669 

0/468 

2/1012 

0/1264 

0/1262 

0/1243 


II^QI 

0/0 

0/1031 

0/1031 

4/624 

1/780 

0/960 

1/960 

3/956 



0/0 

2/2703 

0/2700 

4/1092 

3/1792 

0/2224 

1/2222 

3/2199 




D 


E 

F 


G 

H 


Table 3: Failure Rate Predictions 


125°C Actual 
Device Hours 

Ea 

(eV) 


# 

Fail 

Fail Rate %/1K Hrs 
(60% UCL) 

55°C 

70°C 


70°C 

3.12 X 106 

0.3 B.l. 

1.32 X 107 

9.59 X 106 




8.44 X 105 

0.3*VAF 

1.95 X 108 

1.42 X 108 





0 

0.0004 

0.0006 

3.12 X 106 

0.6 B.l. 

5.51 X 107 

2.95 X 107 




2.70 X 106 

0.6 BAKE 

1.77 X 108 

7.01 X 107 




8.44 X 105 

0.6 HVELT 

1.51 X 107 

7.98 X 106 

1 



Total 0.6 eV Failures = 

5 

0.0025 

0.0058 

3.12 X 106 

1.0 B.l. 

3.81 X 108 


0 



8.44 X 105 

1.0 HVELT 

1.03 X 108 


0 



Total 1.0 eV Failures = 

0 

0.0000 

0.0000 



Combined Failure Rate: 

0.0029 

0.0064 





FITs: 

29 

64 


48 Hour Burn-In Infant Mortality: 130 DPM 


5-314 
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P27256 (Continued) 

Thermal Accel. Factors 


Theta Ja = 

90°C/W 

Temp with 0j a 


55°C 

70°C 

Vcc = 

5.25V 

T(55) = 365.85°K 

BI/ELT 0.3 

4.2 

3.1 

IqC @55 = 

80 mA 

T(70) = 378.44°K 

Accel. 0.6 

17.9 

9.5 

IqC @70 = 

75 mA 

T(125) = 431 .08°K 

Factors: 1 .0 

122.0 

42.3 

i rz\-i nc — 

■7Q pp.^A' 

— A-\D 4CZ 01/ 




'UU « • 


i \I-TV/ -T . w. .x 

140° Bake 0.3 

N/A 

N/A 


K = 

8.62 x 10-5 e V/°K 

Accel. 0.6 

79.0 

31.2 




Factors: 1 .0 

N/A 

N/A 




Voltage Accel. Factor (VAF) 
for HVELT on this process is = 55 


NOTE: 






FIT = Failure Unit. 1 FIT 

= 1 failure per 10 9 device hours. 




Failure Analysis: 






A. 1 -ionic contamination 

1.0 eV 

F. 1-SBCL 

0.6 eV 



1-MBCL 

0.6 eV 

1 -passivation hole 

1.0 eV 



B. 2-SBCL 

0.6 eV 

1 -partial row charge gain 0.6 eV 



C. 1-SBCL 

0.6 eV 

G. 1 -pad corrosion 

0.5 eV 



D. 1 -scratched die 

0.5 eV 

H. 1 -ref. generator charge gain 0.6 eV 



1-MBCL 

0.6 eV 

1 -ionic contamination 1 .0 eV 



E. 3-crackeddie 

0.5 eV 

1-pad corrosion 

0.5 eV 



1 -microcracks 

0.6 eV 
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P/N27C2S6 


The P/N27C256 products are functionally identical to the 27C256 except that they are housed in a windowless 
plastic DIP (P) or a windowless plastic PLCC (N) package and are one-time programmable. 


Table 1: Reliability Data Summary 


Year 

Burn-In 

48 Hrs 

125°C Dynamic Lifetest 

6.5V Dynamic Lifetest 

168 Hrs 

500 Hrs 

IKHrs 

48 Hrs 

168 Hrs 

500 Hrs 

IKHrs 

1988 

0/4615 



1/663 



0/333 

0/0 



0/7345 

0/480 



0/523 

0/512 

0/0 

Totals 

0/11970 

0/11952 

0/1152 

1/1141 


0/857 

0/845 

0/0 



HBM 


A 






Table 2: Additional Qualification Tests 


Year 

140°C Data 

Retention Bake 

200 Temp 

Cycles 

168 Hrs 

Steam 

85°C/85% RH 

48 Hrs 

168 Hrs 

500 Hrs 

IKHrs 

168 Hrs 

500 Hrs 

IKHrs 

1988 

0/0 

0/0 

0/883 

1/883 

0/312 


0/700 



1989 

0/0 

0/0 


0/1029 


EE23I 

0/898 

0/893 

0/789 

Totals 


0/0 

0/1914 

1/1912 


2/1396 

0/1598 







B 


C 





Table 3: Failure Rate Predictions 


125'C Actual 
Device Hours 

Ea 

(eV) 

Equivalent Hours 


Fail Rate %/1K Hrs 
(60% UCL) 

55°C 

70°C 

55°C 

70°C 

2.39 X 106 

0.3 B.l. 


9.38 X 106 

0 



4.25 X 105 

0.3*VAF 

1.43 X 108 

9.11 X 107 

0 



Total 0.3 eV Failures = 

0 



2.39 X 106 

0.6 B.l. 

9.09 X 107 

3.68 X 107 




1.59 X 106 

0.6 BAKE 

1.26 X 108 

4.97 X 107 




4.25 X 105 

0.6 HVELT 

1.62 X 107 

6.55 X 106 




Total 0.6 eV Failures = 

0 



2.39 X 106 

1.0 B.l. 

1.03 X 109 

2.28 X 108 

0 



4.25 X 105 

1.0 HVELT 

1.83 X 108 

4.06 X 107 

0 



Total 1.0 eV Failures = 

0 

0.0000 




Combined Failure Rate: 

0.0006 

0.0009 





FITs: 

6 

9 


48 Hour Burn-In Infant Mortality: 0 DPM 


5-316 
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P/N27C256 (Continued) 


Thermal Accel. Factors 


Theta Ja = 

88°C/W 

Temp with 0j a 



55°C 

70°C 

Vcc = 

5.25V 

T(55) = 332.62°K 

BI/ELT 

0.3 

6.2 

3.9 

Ice @ 55 = 

10 mA 

T(70) = 347.62°K 

Accel. 

0.6 

38.1 

15.4 

Ice @ 70 = 

10 mA 

T(125) = 402.62°K 

Factors: 

1.0 

430.8 

95.6 

Ice @125 = 

10 mA 

T(140) = 413.1 5° K 

140° Bake 

0.3 

N/A 

N/A 



K = 8.62 X 10"5eV/°K 

Accel. 

0.6 

79.0 

31.2 




Factors: 

1.0 

N/A 

N/A 


Voltage Accel. Factor (VAF) 
for HVELT on this process is = 55 


Failure Analysis: 

A. 1 Au cratering 

B. 1 Au cratering 

C. 2 Ionic contamination 


1.2 eV 
1.2 eV 
1.0 eV 
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APPENDIX A 

Failure Rate Calculations for 
60% Upper Confidence Level 


Step 1. Collect burn-in and lifetest data for each lot after 48 hours of burn-in through lifetest for each lot. 


Step 2. Determine the failure mechanism and assign an activation energy (E^) for each failure, except those occur- 
ring during the first 48 hrs. (See Table 1 below.) 


Table 1. Failure Mechanism Activation Energies 
Relevant to EPROMs 


Failure Mode 

Activation Energy 

Defective bit charge gain/loss 

0.6 eV 

Oxide breakdown 

0.3 eV 

Silicon defects 

0.3 eV 

Contamination 

1.0-1. 2 eV 

Intrinsic charge loss 

1.4 eV 


Step 3. Calculate the total number of device hours accumulated beyond 48 hours of burn-in. (Note: 48 hour burn-in 
results measure infant mortality and are not included in the failure rate calculation.) 

Example: 125°C Burn-In/Lifetest for a 2 lot sample 

# failures 
total # devices 



48 Hours 

168 Hours 

500 Hours 

IK Hours 

2K Hours 

Lot #1 

0/1000 

1/1000 

0/999 

0/998 

0/994 

Lot #2 

0/221 

0/201 

1/201 

1/100 

0/99 

Totals 

0/1221 

1/1201 

1/1200 

1/1098 

0/1093 


Device Hours = 


I 


(Number of Devices in Stress Interval) (Number of Hours in Stress Interval) 


Total Device Hours = 1201 (168 hrs - 48 hrs) + 1200 (500 hrs - 168 hrs) 


+ 1098 (1000 hrs - 500 hrs) + 1093 (2000 hrs - 1000 hrs) 
= 1201 (120 hrs) + 1200 (332 hrs) + 1098 (500 hrs) 

+ 1093 (1000 hrs) 

= 2.185 X 10 6 Device Hours 
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Step 4. Use E A tables to find the equivalent device hours at a desired temperature for each activation energy (failure 
mechanism), or use the Arrhenius relation. 



K = 8.617 X 10 -5 eV/°K (Boltzmann’s constant) 
A = proportionality constant 
R = mean rate to failure 
E A = activation energy 
T = temperature in Kelvin 


3i 

R 2 


Ai exp 

[-Ea] 

LKTi 

A 2 exp 

f-E A r 
L kt 2 J 


—[(*)(*-*)] 


Where Aj = A 2 = A for the same failure mechanism (i.e., same E A ) 

Where Ri and R 2 are rates for a normal operating temp and an elevated temperature respectively. 

Ri = R 2 xexp[(!) (£-£)] 

However, since rate (R) has the units 1/time, we can think in terms of time to one failure or MTBF. 
Thus: 


and: 


Ri = — where ti = MTBF at some temperature Ti 
ti 


R 2 = — where t 2 = MTBF at some temperature T 2 
*2 


Thus the Arrhenius Relation becomes: 


or: 


1 1 

- = - x exp 

ti t 2 


ti = exp 

We then define the Acceleration Factor as: 


Rr(iK)H 


A.F. = — = exp 
*2 




For example: For E A = 0.6 eV, T 2 = 398°K, T! = 328°K 

^ = 41.7 t 2 


Therefore, one hour at 125°C is equivalent to 41.7 hours at 55°C for a failure mechanism of activation energy E A = 
0.6 eV. Then 41.7 is the thermal acceleration factor for time. 
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NOTE: 

The Arrhenius Plot (Figure 2 Page 2) is simply In (Acceleration Factor) vs. 1 /Temperature normalized for an 
MTBF to) of one hour at 250°C (T 2 ). This plot can also be used to determine the acceleration factor between two 
temperatures (other than 250°C). 

For example: For a 0.3 eV failure at 125°C, the acceleration factor is 8.1 relative to a 0.3 eV failure at 250°C. For a 
0.3 eV failure at 25°C, the acceleration factor is 152 relative to 250°C. Therefore, the acceleration factor between 
125°C and 25°C is: 


AC _!l = 152 =197 

t 2 8.1 

Step 5. Organize the burn-in/lifetest data by E^, Total Device Hours at the bum-in/lifetest temperature T 2 , Ther- 
mal Acceleration Factors for each failure mechanism (Ea), Number of Failures for each failure mechanism, 
and the calculated equivalent device hours at the desired operating temperature Tj. 

NOTE: 

The rise in junction temperature due to the thermal resistivity of the package (0ja) must be added to the ambient 
temperature to arrive at the actual burn-in/lifetest temperature. 


Ttest — Tj + TAmbient “ ^JA OV @ TAmbient) + "^Ambient 


E A (eV) 

Total 

Device Hrs @ T 2 

Acceleration 

Factors 

#Fail 

Equivalent 
Hours @ Ti 

0.3 

T.D.H. 

X 

Ni 

X (T.D.H.) 

0.6 

T.D.H. 

Y 

n 2 

Y (T.D.H.) 

1.0 

T.D.H. 

Z 

n 3 

Z (T.D.H.) 


The failure rates for individual failure mechanisms and the total combined failure rate can be predicted using the 
data table and the following formula: 


% fail/1 K hrs. = a) 


Where X 2 ( n > a ) is the value of the chi-squared distribution for n degrees of freedom and confidence level of a. The 
degrees of freedom, n = [2 (# of failures) 4- 2] for this application. T is the total equivalent device hours at Tp The 
total combined failure rate is just the sum of the individual failure rates for each failure mechanism. 


For a 60% UCL, the above formula converts to the following: 


# Failures 

0 

1 

2 

3 

3 < # < 15 


% Fail/ IK Hours (60% UCL) 

0.915 X 105/T 
2.02 X 105/T 
3.105 X 105/T 
4.17 X 105/T 


1 .049 (#failures for a particular Ea) + 1 .0305 
T 



>15 


[0.2533 + V(4 X # Failed) + 3] 2 
4T 
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Example 1: 

Assume for this example, that Ice active is 57 mA at TAmbient = 125°C and Ice active is 60 mA at 
T Ambient = 55°C. 


Also assume that 0 ja == 35°C/W. 
Then, 

T 2 = (35°C/W) (57 mA) (5V) + 125°C 
~ 135°C = 408° K 

T 1 = (35°C/W) (60 mA) (5V) + 55°C 
~ 65°C = 338° K 


E A (eV) 

Actual Device 
Hours @ 125°C 

Acceleration Factors 
for 135°C to 65°C 

Equivalent 
Hours 
at 55°C 

# Fail 

55° C 
% Fail/ 

IK Hrs 

0.3 

2.185x106 

5.85 

1.278x107 

0 

0.0081 

0.6 

2.185x106 

34.18 

7.468x107 

2 

0.0042 

1.0 

2.185x106 

359.93 

7.864x108 

1 

0.0003 



Total Combined Failure Rate = 

0.0126 





= 

126 FITS 


Example 2: 

Assume that an additional lot of 800 HMOS*IIE devices is burned in using a 6.5V lifetest. Using Table 2 below, a 
voltage acceleration factor of 55 results from a 20% overstress (5.5V to 6.5V). 



48 Hours 

168 Hours 

500 Hours 

Lot #3 

0/800 

1/800 

0/799 


Device Hours = 800 (48 hrs - 0 hrs) + 800 (168 hrs - 48 hrs) + 799 (500 hrs - 168 hrs) 
= 3.997 X 105 


Table 2. Time-Dependent Oxide Failure Accelerations 


Type 

Supply 

Voltage 

(Volts) 

Oxide 

Thickness 

(A) 

Operating 

Stress 

(MV/cm) 

Acceleration Factor at % Over Stress 

10% 

20% 

30% 

50% 

100% 

HMOSE 

5 

700 

0.714 

3.2 

10 

32 

3.2E + 2 

1.0E + 5 

HMOS II E 

5 

400 

1.25 

7-5 

55 

422 

2.4E + 4 

5.6E + 8 

CHMOS II E 

5 

400 

1.25 

7.5 

55 

422 

2.4E + 4 

5.6E + 8 


ASSUMES: 

1. No Bias Generators 

2. Depletion Loads 

3. Failure rate calculations use the appropriate acceleration factor for stress voltage and maximum operating voltage 
(conservative). 
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Since this voltage accelerated stress is used to predict an oxide breakdown failure rate, the 5.5V burn-in/lifetest 55°C 
equivalent hours for — 0.3 eV are added to the 6.5V burn-in/lifetest 55°C equivalent hours as follows: 


125°C 

E A (eV) 

Actual Device 

Acceleration Factors 

Equivalent 
Hours 
@ 55°C 

Burn-ln/Lifetest 

Hours @ 125°C 

for 135°C to 65°C 

5.5V 

0.3 

2.185x106 

5.85 

1.278x107 

6.5V 

0.3 

3.997x105 

(5.85 x 55) 

1.286x108 

1 


Total Equivalent Ea = 0.3 eV Device Hours 

= 1.414x108 


The following failure rate predictions include the total equivalent 55°C, = 0.3 eV device hours found above: 


E A (eV) 

Actual Device 
Hours @ 125°C 

Acceleration Factors 
for 135°Cto 65°C 

Equivalent 

Hours 

@55°C 

# Fail 

55°C 
% Fail/ 

IK Hours 

0.3 

2.185x106 

5.85 

— 

— 

— 

0.3 + 550) 

3.997x105 

(5.85 x 55) 

1.414x108 

1 

0.0015 

0.6 

2.185x106 

34.18 

7.468x107 

2 

0.0042 

1.0 

2.185x106 

359.93 

7.864x108 

1 

0.0003 



Total Combined Failure Rate = 

0.0060 





= 

60 FITs 


NOTES: 

(1) The notation 0.3 + 55 is used to show that 6.5V and 5.5V burn-in/lifetest equivalent hours have been combined. 

(2) Additional information on calculating failure rates is contained in the April 2, 1984 International Reliability Physics Sympo- 
sium editorial entitled “Calculating Failure Rates from Stress Data” by Robert M. Alexander. 


HMOS & CHMOS are patented processes of Intel Corporation. 
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APPENDIX B 

EPROM Bit Maps and Die Photos 


5 
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Column Selects 



Y 0 Y 1 Y2Y3Y4Y 5 Y6 Y 7 Y8Y 9 Y 1 oY 11 Y 1 2Y 1 3Y 1 4Y 1 5Y 16 Y 17 Y 1 8Y 1 9Y 2 oY 21 Y 2 2Y23Y 2 4Y 2 5Y26Y 27 Y28Y29Y 3 oY31 

a 2 

0000000000 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Ai 

000000001 1 

1 

1 

1 

1 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

A 0 

0 0 0 0 1 1 1 1 0 0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 

d 

0 

0 

0 

1 

1 

1 

1 

Aio 

0 0 1 1 0 0 1 1 0 0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

,0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

An 

0 1 1 0 0 1 1 0 0 1 

1 

0 

0 

1 

1 

0 

0 

i 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 


Row Selects 



Xo 

Xi 

x 2 

X 3 

x 4 

Xs 

X253 

X254 

*255 

a 7 

0 

0 

0 

0 

0 

0 

1 

1 

1 

A6 

0 

0 

0 

0 

0 

0 

1 

1 

1 

A5 

0 

0 

0 

0 

0 

0 

1 

1 

1 

A 4 

0 

0 

0 

0 

0 

0 

1 

1 

1 

A3 

0 

0 

0 

0 

0 

0 

, 1 

1 

1 

A12 

0 

0 

0 

0 

1 

1 

1 

1 

1 

Ag 

0 

0 

1 

1 

0 

0 

0 

1 

1 

As 

0 

1 

0 

1 

0 

1 

1 

0 

1 


Array Organization 


R 

0 

w 

s 

E 

L 

E 

c 

T 

Oo 

Oi 

0 2 

03 

04 

0 5 

0 6 

0 7 


Column Select 


Bit Map for One Output 
(Same for All Outputs) 


32 COLUMNS- 



2764A Bit Map 
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27128A Bit Map 
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27256 Die Photograph 


5-333 


■35 


Address Decoding 

Y Decode W Decode 

A 2 Ai Aq Aio A 4 A 3 

Y 0 0 0 0 0 w 0 0 0 

Y-l 0 0 0 1 W-| 0 1 

y 2 0 0 1 0 w 2 1 0 

• w 3 1 1 


Y15 1 1 1 1 


X Decode 

A 14 A 13 A 12 A 7 A 6 A 5 A 11 A 9 A 8 

<0 0 0 0000000 

<1 0 0 0000001 

< 2 0 0 0 0000 10 


510 1 11 111110 
511 1 1 1111111 


Array Organization 



tit Map 




27C256 Bit Map 




Address Decoding 


X Decoders 

A14 A 13 A 12 A 7 A 6 A5A11A9 A 8 


*W Decoders 
A 4 A 3 W 


WLO 0 
WL1 0 
WL2 0 

I 

I 


0 0 0 
0 0 0 
0 0 0 


0 0 0 
0 0 1 
0 1 0 


0 

0 

0 


0 0 wo 

0 1 W1 

1 0 W2 

1 1 W3 


I/L51Q 11 111 1 10 
fl-511 1 1111111 

Y Decoders 

A 3 Aj Aq A-jp Y 

0 0 0 0 YO 

0 0 0 1 Y1 

0 0 1 0 Y2 

0 0 1 1 Y3 

0 1 0 0 Y4 

0 1 0 1 Y5 

0 1 1 0 Y6 

0 11 1 Y7 

1 0 0 0 Y8 

1 0 0 1 Y9 

1 0 1 0 Y10 

10 1 1 Y11 

1 1 0 ,0 Y12 

1 1 0 1 Y13 

111 0 Y14 

111 1 Y15 


Array Organization 
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OUTPUT 4 THROUGH 7 
64 COLUMNS 



'WOW? 'WOW? 'WOW ? " W2W i *W2W j 

'wiwd 'wiwd W3W2 'wiwi 


210473-37 


OUTPUT 0 THROUGH 3 
64 COLUMNS 



'W3wd 


'wfwd 


wiwo 
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27C256 Die Photograph 
(Six Digit Suffix) 





35 


Address Decoding 

Y Decode W Decode 

A2 Ai Ao A-jo A4 A3 

Y 0 0 0 0 0 w 0 0 0 

Y-| 0 0 0 1 Wi 0 1 

y 2 0 0 1 0 w 2 1 0 

• w 3 1 1 
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INTRODUCTION/SCOPE 

Quality and Reliability: The 
Cornerstone of Business 

In the world of electronic hardware, no facet is more 
important to the user of a system than the reliability of 
its individual components. This single point has been an 
instrumental factor in the philosophy of product devel- 
opment, qualification, and manufacturing within Intel. 
Being the inventor of the EPROM, we are proud of the 
continuous quality and reliability leadership position 
that we have maintained. 

In the spirit of service to our customers and their cus- 
tomers, this publication has been assembled for your 
convenience and reference. The scope of this document 
is limited to Intel’s latest EPROM VLSI products from 
the 256 Kbit to the 2 Mbit density manufactured on 
our CHMOS* III-E process technology. Other 
EPROM product/process reliability summaries can be 
found in the latest revision of RR-35. The data provid- 
ed herein is the product of just one of Intel’s qualifica- 
tion and reliability monitoring systems. The purpose of 
this report is to supplement Intel’s Quality and Reli- 
ability handbook with product specific data. For addi- 
tional information, please contact your Field Sales or 
Customer Quality Engineer. 


Quality Versus Reliability 

The traditional concepts segregating quality from reli- 
ability is one of time. Quality is a measure of the ability 
of a product to meet performance expectations at a sin- 
gle point in time. This “point in time” is usually inter- 
preted as your initial board power-up or incoming in- 
spection. Reliability, on the other hand, is a measure of 
a product’s ability to maintain its “time zero” quality 
throughout its life cycle. A reliability failure usually 
occurs after your product has shipped to your custom- 
er. 

The cost of poor quality can be objectively totalled 
within your organization. It includes the cost of detec- 
tion and in-house repair. However, the cost of poor 
reliability has a much higher cost. Besides an inherently 
higher repair cost per defective unit, reliability failures 
create customer concern about design and/or work- 
manship standards used in the manufacture of the 
product. Loss of goodwill with your customers can 
have many long term negative effects on your business. 


Therefore, Intel advocates that you make reliability a 
key consideration for the selection of your system’s 
components. 

The Roots of Reliability 

The manufacture of a reliable VLSI semiconductor 
device using a modern technology is a dynamic and 
evolutionary process. Success of this process is highly 
dependent upon the interplay between knowledgeable 
and experienced manufacturing engineers, materials 
physicists, and responsible/responsive management. 
Only the correct combination can consistently deliver 
high volumes of reliable product. In this model, the 
experienced process engineer selects and defines the 
stresses to be performed and the performance criteria to 
be met, utilizing appropriate statistical tools and limits. 
The materials physicist then determines the root causes 
of failure, if and when failure occurs, and provides ef- 
fective solutions and/or containment recommenda- 
tions. Finally, management provides the resources for 
the entire process from initial monitor to root cause 
corrective action. 


MONITORS: THE CONTROL 
MECHANISM OF RELIABILITY 

A Comprehensive Program Is The Key 

Intel has developed and implemented many types of 
reliability monitoring systems. Since continuous deliv- 
ery of reliable product is of paramount importance, 
most of the monitors are in-line and are designed to 
provide as close to “real time” feedback on the reliabili- 
ty of the product in-process as possible. The monitors 
are located throughout the fab, assembly and test areas. 
The data from these monitors are an indication of pro- 
cess health and overall statistical control. They are not 
necessarily directly correlatable to the reliability of the 
product that will ship to your location. For this reason, 
a final finished product monitor which randomly se- 
lects product is used as the yardstick to measure the 
success of our factory in meeting your customer’s reli- 
ability goals. Figure 1 demonstrates the typical monitor 
stress cells and flows which are periodically used on 
every major product in Intel’s EPROM family. A simi- 
lar stress flow is also used for plastic devices. The data 
presented in the device section of this report is a compi- 
lation of this monitor data plus the initial product qual- 
ification testing results. 


*CHMOS is a patented process of Intel Corporation. 
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STRESS DEFINITIONS; 

T/C = Temperature Cycle 
HV ELT = High Voltage Electrical Life Test 
Bake = High Temperature Storage 
Burn-In = 5.25V Electrical Life Test 


I START 1 K UNITS 


PROGRAM CHECKERBOARD 

ijo 

1 48 HR DYNAMIC 
BURN-IN 

-p=r 

QA TEST | 

1 168 HR DYNAMIC 
BURN-IN 


QA TEST 



QA TEST 
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EPROM Failure Mechanisms 

The typical EPROM is about 10% decoder and “spe- 
cial” test mode circuitry. This 10% of the circuitry is 
similar in design and layout to the circuitry found in a 
common logic device. Expected failure mechanisms are 
therefore considered to be primarily oxide stress and 
contamination based. For more information on these 
and other mechanisms, please refer to the Intel Quality 
and Reliability Handbook. The remaining 90% of the 
EPROM area is a very dense matrix of isolated floating 
gate memory cells manufactured using the latest pro- 
cess technology. The major function of the EPROM 
cell is to store a very small amount of charge on a 
floating polysilicon gate, and to do so for a time period 
well in excess of 20 years under normal operating con- 
ditions. Electrons are electrically injected through the 
isolating oxides onto the floating polysilicon gate dur- 
ing programming. Because a typical EPROM cell may 
only need 100,000 electrons on this floating gate to look 
“programmed,” it can be sensitive to leakage currents 
of as little as 1 x 10“ 23 amps [1]. Small amounts of 
charge loss or gain in excess of intrinsic expectations 
can, through time and usage, significantly raise or low- 
er the threshold voltage of the memory cell causing the 
device to functionally misread the intended pattern. 


STRESSES: THE ACCELERATION OF 
TIME AND USE 


Acceleration Factors 

In order to determine if a device’s reliability perform- 
ance can be accelerated, normal operating condition 
failure mechanisms must be completely understood and 
characterized to the accelerating stress. The familiar 
Arrhenius equation is then used for the calculation of 
the acceleration factor which most closely approxi- 
mates the condition of the stress. Figure 2 is an exam- 
ple of how the Arrhenius curves would appear 
for the most common semiconductor failure mecha- 
nisms which are accelerated by temperature over a peri- 
od of time. All known operating condition failure 
mechanisms in semiconductor devices can be accelerat- 
ed with the use of various stresses. These stresses in- 
clude: temperature, voltage, current, moisture, mechan- 
ical stress, and radiation. Table 1 indicates the most 
common failure mechanisms and their activation ener- 
gies which are associated with being thermally acceler- 
ated. The mechanics of deriving an operating failure 
rate (FIT rate) from these factors is described in Ap- 
pendix A. 



Energies Relevant to EPROMs 


Table 1. Activation Energy Table 


Failure Mechanism 

Each 

Oxide 

0.3 

Single Bit Charge Loss/Gain 

0.6 

Contamination 

1.0 

Speed Degradation 

0.3-1. 0 

Intrinsic Charge Loss 

1.4 
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Commonly Monitored EPROM 
Stresses 

As discussed earlier, it is important to have a compre- 
hensive reliability monitoring program that can uncov- 
er the many potential failure mechanisms which may 
have an impact to total quality, reliability and delivera- 
bility. The listing below represents only the major and 
most consistently performed reliability monitor stress- 
es. They are executed on randomly selected finished 
product inventory. 

HIGH-TEMPERATURE DYNAMIC LIFETEST 
(5.25V and 6.5V) 

This stress is considered the most relevant of all accel- 
erating stresses. The device is programmed with a 
checkerboard data pattern to simulate a random cus- 
tomer pattern. It is then functionally exercised at 125°C 
at either a Vcc of 5.25V or 6.5V. The memory is se- 
quentially addressed and the outputs are exercised but 
not loaded. See Figure 3 for a typical bias and timing 
diagram. The 5.25V stress is considered thermally ac- 
celerating only. The 6.5V stress is considered both ther- 
mally and voltage accelerating for oxide fault type 
mechanisms(l). The end point electrical tests are con- 
ducted within a fixed period of time to worst case data 



Figure 3. D27C010 Life Test and Bias Diagram 


sheet parameters. The Memory Components Division 
also periodically takes variables data on selected data 
sheet parameters to monitor the stability of the process. 
Low-temperature lifetesting has also been performed on 
this process to assure that no intrinsic hot electron 
mechanisms are present. 

DATA RETENTION BAKE 

This stress primarily accelerates charge loss from the 
floating gate. The devices are more than 98% pro- 
grammed and baked at 250°C for ceramic and 140°C 
for plastic devices. No electrical bias is applied. This 
test also evaluates mechanical reliability and process 
stability. Data retention bake is also referred to as high- 
temperature bake or storage. The acceleration factors 
are stated for this stress, but the results are not included 
in the FIT rate calculation. Typically, fewer than 1% of 
the devices will fail to hold their programmed pattern 
after 150 years at 55°C. 

TEMPERATURE CYCLE 

Temperature cycling evaluates the package’s mechani- 
cal integrity by sequentially exposing the devices to an 
air-to-air temperature extreme of — 65° C to + 150°C 
(Condition C) or — 55°C to + 125°C (Condition B) per 
MIL-STD-883. A broad variety of mechanical failure 
modes such as loss of hermeticity (CerDIP), die attach 
failure, bond wire lifting, thin film damage, and die 
cracking are expected to be accelerated during this test. 
Since electrical parameter can be affected by this test, 
both electrical and hermetic testing are performed as 
the end point tests. 

REFERENCES 
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CERDIP Reliability Data Summary 


The following data is an accumulation of recent qualifi- 
cation and monitor program results. Failure rate calcu- 
lation methods listed in Appendix A were used to ar- 
rive at the tabularized failure rates. Data for CERDIP 
and plastic EPROMs is treated separately. 

In reviewing the reliability data as presented, questions 
may arise ** to why lot sizes often decrease from one 
test to another without a corresponding number of 
identified failures. This is due to a variety of factors. 
Many tests require smaller sample sizes and as a result 
all parts from a previous test do not necessarily flow 
through to a succeeding test. 


In addition, various parts are pulled from a sample lot 
when mechanical or handler problems cause failures to 
occur. These “failures” are not a result of the specific 
test just completed. They are removed from the sample 
lot size and are not included in any failure rate calcula- 
tions. It can also happen that a particular test is done 
incorrectly through human error or faulty test equip- 
ment and these suspected “invalid” failures are put 
aside for retesting, decreasing the lot size for a succeed- 
ing test. If these parts are found to be defective, they 
are treated as failures and listed. If they test out proper- 
ly, they are removed from any calculation data base. 
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D27C256 

(Six Digit Suffixes) 

The Intel 27C256 is a 256K bit ultraviolet Erasable and 
electrically Programmable Read Only Memory 
(EPROM). 

Number of Bits: 262,144 

Organization: 32K x 8 

Pin Out: 28 Pin JEDEC Approved 


Die Size: 167 mils x 86 mils 

Process: CHMOS III-E 

Cell Size: 3.4 jum x 3.5 jiim 

Programming Voltage: 12.75V 
Technology: CMOS 


Table 1: Lifetest Data Summary 


Year 

Burn-In 
48 Hrs 

5.25V/ 125°C Dynamic Lifetest 

6.5V/125°C Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

1989 

0/2000 

0/1999 

0/0 

0/0 

0/173 

0/173 

0/173 

0/173 

0/0 

1990 

1/4922 

1/4859 

0/0 

0/0 

0/2088 

0/2088 

0/642 

0/546 

1/450 

Totals 

1/6922 

1/6858 

0/0 

0/0 

0/2261 

0/2261 

0/815 

0/719 

1/450 


A 

B 







C 


Infant Mortality Rate based on 48 hour ELT and HVELT data is 0.011%. (V 8722 ) 


Table 2: Failure Rate Predictions 


Actual 

Device Hours 

Ea 

(eV) 

Equivalent Device Hours 

# 

Fail 

Fail Rate in FITS 
(60% UCL) 

55° C 

70°C 

55°C 

70° C 

1.38x106 

0.3 HVELT 

2.25x108 

1.43x108 

1 



8.23x105 

0.3 ELT 

5.15x106 

3.27x106 

1 



Total 0.3 eV Failures = 

2 

13.4 

21.1 

1.38x106 

0.6 HVELT 

5.42x107 

2.18x107 

0 



8.23x105 

0.6 ELT 

3.22x107 

1.30x107 

0 



Total 0.6 eV Failures = 

0 

0.0 

0.0 

1.38x106 

1.0 HVELT 

6.25x108 

1.37x108 

0 



8.23x105 

1.0 ELT 

3.72x108 

8.15x107 

0 



Total 1.0 eV Failures = 

0 

0.0 

0.0 

Combined Failure Rate: 

13.4 

21.1 



Temp with 0 ja 

0j A = 58°C/W 

T (55) = 331 .2°K 

V CC = 5.25V 

T(70) = 346. 2°K 

Iqc = 10 mA 

T(1 25) = 401 .2°K 

VAF(6.5V/5.25V) = 26 

T(250) = 523. 1°K 


Thermal Acceleration Factors 



125°C 

250°C 

0.3 e V 

0.6e V 

1.0 eV 

0.6 eV 

55°C 

6.3 

39.2 

452.0 

2722.1 

70°C 

4.0 

15.8 

99.0 

1076.7 


5-348 
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D27C256 (Continued) 

(Six Digit Suffixes) 

Table 3: Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

Temp Cycles 
— 65°C to +150°C 

48 Hrs 

168 Hrs 

500 Hrs 

200 Cy 

500 Cy 

IK Cy 

1989 

0/0 

0/258 

0/258 

0/78 

0/78 

0/78 

1990 

0/600 

1/1245 

0/1116 

0/360 

0/282 

0/282 

Totals 

0/600 

1/1503 

0/1374 

0/438 

0/360 

0/360 

Percent 

0.0% 

0.073% 

0.0% 

0.0% 

0.0% 

0.0% 



D 






Failure Analysis: 

Unit ID Failure Mechanism or Mode 
A 1 defect not found 

B 1 V C c min fail (0.3 eV) 

C 1 defect not found (0.3 eV) 

D 1 charge loss failure 
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D27C512 


The Intel 27C512 is a 512K ultraviolet Erasable and 
electrically Programmable Read Only Memory 
(EPROM). 

Number of Bits: 524,288 

Organization: 64K x 8 

Pin Out: 28 Pin JEDEC Approved 


Die Size: 210 mils x 127 mils 

Process: CHMOS III-E 

Cell Size: 3.4 jam x 3.5 jam 

Programming Voltage: 12.75V 
Technology: CMOS 


Table 1: Lifetest Data Summary 


Year 

Burn-In 
48 Hrs 

5.25V/125°C Dynamic Lifetest 

6.5V/125°C Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

1989 

N/A 

N/A 

N/A 

N/A 

2/4595 

1/4593 

0/450 

0/450 

2/450 

Totals 

0/0 

0/0 

0/0 

0/0 

1/4595 

0/4593 

0/450 

0/450 

2/450 






A 

B 



C 


Infant Mortality Rate based on 48 hour HVELT data is 0.044%. ( 2 / 4 59 5 ) 


Table 2: Failure Rate Predictions 


Actual 

Device Hours 

Ea 

(eV) 

Equivalent Device Hours 

# 

Fail 

rirn 

rail naic in i i io 

(60% UCL) 

55°C 

70°C 

55° C 

70°C 

1.38x106 

0.3 HVELT 

2.26x108 

1.43x108 

2 



Total 0.3 eV Failures = 

2 

13.6 

21.5 

1.38x106 

0.6 HVELT 

5.45x107 

2.19x107 

1 



Total 0.6 eV Failures - 

0 

36.9 

92.0 

1.38x106 

1.0 HVELT 

6.32x108 

1.38x108 

0 



Total 1.0 eV Failures = 

0 

0.0 

0.0 

Combined Failure Rate: 

50.6 

113.5 


0j A = 52°C/W 
V C c = 5.25V 
Ice = 10 mA 
VAF(6.5V/5.25V) = 26 


Temp with 0 ja 
T(55) = 330. 9°K 
T(70) = 345. 9°K 
T(125) = 400. 9°K 
T(250) = 523. 1°K 


Thermal Acceleration Factors 



125°C 

250°C 

0.3 eV 

0.6e V 

1.0 eV 

0.6e V 

55°C 

6.3 

39.4 

456.8 

2722.1 

70°C 

4.0 

15.8 

99.8 

1076.7 


5-350 
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D27C512 (Continued) 


Table 3: Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

Temp Cycles 
— 65°C to + 150°C 

48 Hrs 

168 Hrs 

500 Hrs 

200 Cy 

500 Cy 

IK Cy 

1990 

0/599 

0/599 

0/598 

0/204 

0/204 

2/204 

TuialS 

0/ G33 

0/ 533 

-i / rrrvo 

1 / JOU 

n /on a 

\J / C-KJ- T 

n /on a 

KJi C-\J~ T 

o /nr\A 

Percent 

0.0% 

0.0% 

0.167% 

0.0% 

0.0% 

0.980% 




D 



E 


Failure Analysis: 

Unit ID Failure Mechanism or Mode 

A 1 single bit charge loss, 1 single bit charge gain 

B 1 single bit charge gain (0.6 eV) 

C 2 outputs blown (0.3 eV) 

D 1 single bit charge loss 

E 2 gross leak failures 

F 1 gross leak failure 


5-351 
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D27C010/27C01 1/27C100 

The Intel 27C010, 27C011 and 27C100 are 1 Mbit ul- 
traviolet Erasable and electrically Programmable Read 
Only Memories (EPROMs). 

Number of Bits: 1,048,576 

Organization: 128K x 8 (27C010/100) 

8 x 16K x 8 (27C011) 

Pin Out: 32 Pin JEDEC Approved 

(27C010) 

28 Pin JEDEC Approved 
(27C011) 

32 Pin ROM Compatible 
(27C100) 


Table 1: Lifetest Data Summary 


Year 

Burn-In 
48 Hrs 

5.25V/ 125°C Dynamic Lifetest 

6.5V/125°C Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

1989 

13/33049 

6/32952 

0/1385 

0/342 

6/1200 

3/1193 

2/1164 

0/1040 

0/331 

1990 

4/9470 

0/9450 

0/0 

0/0 

0/288 

0/280 

0/192 

0/192 

0/125 

Totals 

17/42519 

6/42453 

0/1385 

0/342 

6/1488 

3/1473 

2/1356 

0/1232 

0/456 


A 

B 



c 

D 

E 




Infant Mortality Rate based on 48 hour ELT and HVELT data is 0.040%. ( 17 / 42766 ) 


Table 2: Failure Rate Predictions 


Actual 

Device Hours 

Ea 

(eV) 

Equivalent Device Hours 

# 

Fail 

Fail Rate in FITS 
(60% UCL) 

55°C 

70°C 

55° C 

70°C 

1.43x106 

0.3 HVELT 

2.35x108 

1.49x108 

9 



5.93x106 

0.3 ELT 

3.73x107 

2.36x107 

5 



Total 0.3 eV Failures = 

14 

58.2 

91.9 

1.43x106 

0.6 HVELT 

5.69x107 

2.28x107 

1 



5.93x106 

0.6 ELT 

2.35x108 

9.42x107 

0 



Total 0.6 eV Failures = 

1 

6.9 

17.2 

1.43x106 

1.0 HVELT 

6.61 x 108 

1.44x108 

0 



5.93x106 

1.0 ELT 

2.73x109 

5.95x108 

1 



Total 1 .0 eV Failures = 

1 

0.6 

2.7 

Combined Failure Rate: 

65.7 

111.8 


0ja = 48°C/W 
V CC = 5.25V 
Ice = 1° mA 
VAF(6.5V/5.25V) = 26 


Temp with 
T(55) = 330.7°K 
T(70) = 345. 7°K 
T(125) = 400.7° K 
T(250) = 523. 1°K 


Thermal Acceleration Factors 



125°C 

250°C 

0.3 eV 

0.6e V 

1.0 eV 

0.6eV 

55°C 

6.3 

39.6 

460.1 

2722.1 

70°C 

4.0 

15.9 

100.3 

1076.7 


Die Size: 209 mils x 196 mils 

Process: CHMOS III-E 

Cell Size: 3.4 jam x 3.5 jam 

Programming Voltage: 12.75V 
Technology: CMOS 


5-352 




RR-67 



D27C010/27C01 1/27C100 (Continued) 


Table 3. Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

Temp Cycles 
— 65°C to +150°C 

48 Hrs 

168 Hrs 

500 Hrs 

200 Cy 

500 Cy 

IK Cy 

1989 

1/399 

5/3201 

6/3156 

1/1012 

0/1011 

2/1011 

1990 

0/0 

0/677 

1/488 

0/156 

0/156 

0/156 

Totals 

1/399 

5/3878 

7/3644 

1/1168 

0/1167 

2/1167 

Percent 

0.251% 

0.129% 

0.192% 

0.086% 

0.0% 

0.171% 


F 

G 

H 

1 


J 


Failure Analysis: 

Unit ID Failure Mechanism or Mode 

A 7 mobile ionic contamination, 5 charge gain/loss, 3 speed downbinners, 1 Vcc m in, 1 NVD 

B 1 junction spiking (0.6 eV), 2 fab defects (0.3 eV), 1 ionic contamination (1.0 eV), 2 NVD (0.3 eV) 

C 2 output shorts (0.3 eV), 3 fab defects (0.3 eV), 1 particle induced Isb fail (0.3 eV) 

D 2 fab defects (0.3 eV), 1 junction spike (0.6 eV) 

E 1 particle induced decoder fail (0.3 eV), 1 defect not found (0.3 eV) 

F 1 single bit charge loss 

G 3 single bit charge loss/gain, 2 defect not found 

H 4 single bit charge loss, 1 spiked contact, 1 BPSG breakdown, 1 defect not found 

I 1 single bit charge loss 

J 2 speed degradation — defect not found 


5-353 
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D27C210 


The Intel 27C210 is a 1 Mbit ultraviolet Erasable and 
electrically Programmable Read Only Memory 
(EPROM). 

Number of Bits: 1,048,576 
Organization: 64K x 16 

Pin Out: 40 Pin JEDEC Approved 


Die Size: 201 mils x 236 mils 

Process: CHMOS III-E 

Cell Size: 3.4 jutm x 3.5 jim 

Programming Voltage: 12.75V 
Technology: CMOS 


Table 1: Lifetest Data Summary 


Year 

Burn-In 
48 Hrs 

5.25V/ 125°C Dynamic Lifetest 

6.5V/125°C Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

1989 

7/27729 

5/19772 

1/399 

1/398 

1/1378 

3/1362 

7/1359 

2/892 

0/0 

1990 

0/4193 

0/2192 

0/195 

0/195 

1/4577 

1 /4476 

1/1025 

0/931 

0/401 

Totals 

7/31922 

5/21964 

1/594 

1/593 

2/5955 

4/5838 

8/2384 

2/1823 

0/401 


A 

B 

C 

D 

E 

F 

G 

H 



Infant Mortality Rate based on 48 hour ELT and HVELT data is 0.021%. (% 6 97 i) 

Tabie 2: Failure Rate Predictions 


Actual 

Device Hours 

Ea 

(eV) 

Equivalent Device Hours 

# 

Fail 

Fail Rate in FITS 
(60% UCL) 

55°C 

70°C 

55°C 

70°C 

2.87x106 

0.3 HVELT 

4.17x108 

2.98x108 

12 



3.13x106 

0.3 ELT 

1.98x107 

1.25x107 

3 



Total 0.3 eV Failures = 

15 

34.5 

54.5 

2.87x106 

0.6 HVELT 

1.14x108 

4.58x107 

4 



3.13x106 

0.6 ELT 

1.25x108 

5.00x107 

2 



Total 0.6 eV Failures = 

6 1 

30.6 

76.6 

2.87x106 

1.0 HVELT 

1.33 x 109 

2.90x108 

0 



3.13x106 

1.0 ELT 

1.46x109 

3.17x108 

0 



Total 1.0 eV Failures = 

0 

0.0 

0.0 

Combined Failure Rate: 

65.1 

131.1 


0 JA = 42°C/W 
Vcc = 5.25V 
Ice = 10 rnA 
VAF(6.5V/5.25V) = 26 


Temp with 0j A 
T(55) = 330. 4°K 
T(70) = 345. 4°K 
T (1 25) = 400.4°K 
T(250) = 523. 1°K 


Thermal Acceleration Factors 



125°C 

250°C 

0.3eV 

0.6e V 

1.0 eV 

0.6e V 

55°C 

6.3 

39.9 

465.0 

2722.1 

70°C 

4.0 

16.0 

101.1 

1076.7 


5-354 
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D27C210 (Continued) 


Table 3: Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

Temp Cycles 
— 65°C to +150°C 

48 Hrs 

168 Hrs 

500 Hrs 

200 Cy 

500 Cy 

IK Cy 

1989 

2/613 

4/2495 

6/2438 

0/695 

1/766 

1/686 

1990 

1/1136 

U/1619 

U/1391 

u/5i0 

0/5 i 0 

i /^32 

Totals 

3/1747 

4/4014 

6/3829 

0/1205 

1/1276 

2/1118 

Percent 

0.172% 

0.100% 

0.157% 

0.0% 

0.078% 

0.179% 


1 

J 

K 


L 

M 


Failure Analysis: 

Unit ID Failure Mechanism or Mode 

A 3 input leakage, 2 charge loss, 1 Vqh fail, 1 NVD 

B 4 single bit charge loss (0.6 eV), 1 NVD (0.3 eV) 

C 1 input leakage (0.3 eV) 

D 1 byte failure (0.3 eV) 

E 2 Isb failures (0.3 eV) 

F 1 speed failure (0.3 eV), 2 Isb (0.3 eV), 1 input leakage (0.3 eV) 

G 1 Vol /v oh fail (0.3 ©V), 2 charge loss fails (0.6 eV), 5 Isb failures (0.3 eV) 

H 2 Isb failures (0.3 eV) 

I 1 Isb failure, 1 column leakage, 1 single bit charge loss 

J 2 charge loss, 1 fab defect, 1 Isb fdil 

K 2 single bit charge loss, 1 Vocmin fail, 1 Isb fail, 1 NVD, 1 defect not found 
L 1 single bit charge loss 
M 1 fine leak failure, 1 oxide breakdown 
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D27C020 


The Intel 27C020 is a 2 Mbit ultraviolet Erasable and 
electrically Programmable Read Only Memory 
(EPROM). 

Number of Bits: 2,097, 1 52 
Organization: 256K x 8 

Pin Out: 32 Pin JEDEC Approved 


Die Size: 210 mils x 342 mils 

Process: CHiyiOS III-E 

Cell Size: 3.4 /xm x 3.5 jam 

Programming Voltage: 12.75V 
Technology: CMOS 


Table 1: Llfetest Data Summary 


Year 

Burn-In 
48 Hrs 

5.25V/ 125°C Dynamic Lifetest 

6.5V/125°C Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

1990 

0/317 

0/316 

0/316 

0/314 

4/4231 

2/4218 

2/2636 

0/428 

5/2455 

Totals 

0/317 

0/316 

0/316 

0/314 

4/4231 

2/4218 

2/2636 

0/428 

5/2455 






A 

B 

C 


D 


Infant Mortality Rate based on 48 hour ELT and HVELT data is 0.088%. ( 4 / 4548 ) 

Table 2: Failure Rate Predictions 


Actual 

Device Hours 

Ea 

(eV) 

Equivalent Device Hours 

# 

Fail 

Faii Raie in FiTS 
(60% UCL) 

55°C 

70°C 

55° C 

70°C 

4.09x106 

0.3 HVELT 

6.70x108 

4.24 x 108 

9 



3.02x105 

0.3 ELT 

1.90x106 

1.21 x 106 

0 



Total 0.3 eV Failures = 

9 

15.7 

24.8 

4.09x106 

0.6 HVELT 

1.62x108 

6.50x107 

0 



3.02x105 

0.6 ELT 

1.20x107 

4.81 x 106 

0 



Total 0.6 eV Failures = 

0 

0.0 

0.0 

4.09 x 10 6 

1.0 HVELT 

1.89x109 

4.11 x 108 

0 



3.02x105 

1.0 ELT 

1.40x108 

3.04 x 107 

0 



Total 1.0 eV Failures = 

0 

0.0 

0.0 

Combined Failure Rate: 

15.7 

24.8 



Temp with Oja 

Oja = 42°C/W 

T(55) = 330.6° K 

V CC = 5.25V 

T(70) = 345. 6°K 

Ice = 10 mA 

T(1 25) = 400. 6°K 

VAF(6.5V/5.25V) = 26 

T(250) = 523. 1°K 


Thermal Acceleration Factors 



125°C 

250°C 

0.3 eV 

0.6e V 

1.0 eV 

0.6e V 

55°C 

6.3 

39.7 

461.7 

2722.1 

70°C 

4.0 

15.9 

100.6 

1076.7 


5-356 
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D27C020 (Continued) 


Table 3: Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

Temp Cycles 
— 65°C to +150°C 

48 Hrs 

168 Hrs 

500 Hrs 

200 Cy 

500 Cy 

IK Cy 

1990 

1/736 

0/597 

0/595 

0/228 

0/228 

1/227 

Totals 

1/736 

1/597 

U/byb 

0/228 

0/228 

0/227 

Percent 

0.136% 

0.168% 

0.0% 

0.0% 

0.0% 

0.0% 


E 

F 






Failure Analysis: 

Unit ID Failure Mechanism or Mode 
A 4 mobile ionic contamination 
B 1 Ipp leakage (0.3 eV), 1 Isb failure (0.3 eV) 

C 1 speed downgraded unit (0.3 eV), 1 Ipp leakage (0.3 eV) 

D 4 speed failures (0.3 eV), 1 Isb fail (0.3 eV) 

E 1 Vccmin fail 

F 1 single bit charge loss 
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D27C220 


The Intel 27C220 is a 2 Mbit ultraviolet Erasable and 
electrically Programmable Read Only Memory 
(EPROM). 

Number of Bits: 2,097, 1 52 

Organization: 128K x 16 

Pin Out: 40 Pin JEDEC Approved 


Die Size: 216 mils x 385 mils 

Process: CHMOS III-E 

Cell Size: 3.4 jam x 3.5 /am 

Programming Voltage: 12.75V 
Technology: CMOS 


Table 1: Lifetest Data Summary 


Year 

Burn-In 
48 Hrs 

5.25V/125°C Dynamic Lifetest 

6.5V/125°C Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

1990 

0/315 

1/314 

0/308 

0/308 

0/1741 

1/1741 

0/331 

0/331 

0/0 

Totals 

0/315 

1/314 

' 0/308 

0/308 

0/1741 

1/1741 

0/331 

0/331 

0/0 



A 




B 





Infant Mortality Rate based on 48 hour ELT and HVELT data is 0.0%. (% 056 ) 


Table 2: Failure Rate Predictions 


Actual 

Device Hours 

Ea 

(eV) 

Equivalent Device Hours 

# 

Fail 

Faii Rate in i-i iS 
(60% UCL) 

55°C 

70°C 

55° C 

70°C 

4.87x105 . 

0.3 HVELT 

7.99x107 

5.06x107 

1 



6.07x105 

0.3 ELT 

3.83x106 

2.42x106 

0 



Total 0.3 eV Failures = 

1 

24.0 

38.0 

4.87x105 

0.6 HVELT 

1.94x107 

7.77x106 

0 



6.07x105 

0.6 ELT 

2.42x107 

9.68x106 

0 



Total 0.6 eV Failures = 

0 

0.0 

0.0 

4.87x106 

1.0 HVELT 

2.26x108 

4.92x107 

0 



6.07x105 

1.0 ELT 

2.82x108 

6.14x107 

1 



Total 1.0 eV Failures = 

1 

4.0 

18.2 

Combined Failure Rate: 

28.0 

56.2 


0 JA = 42°C/W 
V CC = 5.25V 
Ice = 10 m A 

VAF(6.5V/5.25V) = 26 


Temp with 0 ja 
T(55) = 330. 4°K 
T(70) = 345.4° K 
T(125) = 400.4° K 
T (250) = 523. 1°K 


Thermal Acceleration Factors 



125°C 

250°C 

0.3e V 

0.6eV 

1.0 eV 

0.6e V 

55°C 

6.3 

39.9 

465.0 

2722.1 

70°C 

4.0 

16.0 

101.1 

1076.7 


5-358 
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D27C220 (Continued) 


Table 3: Additional Qualification Tests 


Year 

250°C 

Data Retention Bake 

Temp Cycles 
— 65°C to + 150°C 

48 Hrs 

168 Hrs 

500 Hrs 

200 Cy 

500 Cy 

IK Cy 

1990 

0/1049 

1/1049 

0/1048 

0/294 

0/294 

0/294 

Totais 

0/1 u^y 

i / i 049 

0/1048 

0/234 

r\ /no a 
kj/ c.a-t 

n /on a 

yji t-\j~ t 

Percent 

0.0% 

0.095% 

0.0% 

0.0% 

0.0% 

0.0% 



C 






Failure Analysis: 

Unit ID Failure Mechanism or Mode 
A 1 contamination failure (1.0 eV) 

B 1 speed failure, single bit related (0.3 eV) 
C 1 column leakage at 4.5V (0.3 eV) 
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Plastic Reliability Data Summary 


INTRODUCTION 

The following information is written to provide OTP 
(one time programmable) users with a reliability sum- 
mary of Intel’s plastic production EPROMs in both 
DIP and PLCC packages. It includes brief test descrip- 
tions, a description of plastic packaging compounds 
and the reliability data obtained during the qualifica- 
tion and subsequent monitor of the N27C256, 
N27C010, and N27C210 devices. 


PLASTIC PACKAGE 
CHARACTERISTICS 

The EPROM plastic package is composed of flame re- 
tardant plastic/epoxy which meets the rating require- 
ments of US94V0, Vs" minimum. The die is attached 
with non-conductive epoxy to a copper leadframe. 
Bonding is accomplished through gold thermal com- 
pression bonding and the leads are finished with a 60% 
tin/40% lead solder coat. 


EPROM ELECTRICAL 
CHARACTERISTICS 

OTP EPROMs in plastic are tested to the same electri- 
cal/parametric levels as their counterparts in CERDIP. 
These characteristics include input and output voltage 
levels, speeds, leakage, and power requirement charac- 
teristics over the full commercial temperature operating 
range of 0°C to 70°C. Performance capabilities are iden- 
tical to that of the corresponding CERDIP versions, 
though plastic speed offerings may differ. 


RELIABILITY/QUALITY TESTS 

Reliability tests performed on plastic packaged devices 
are essentially identical to those used on the corre- 
sponding CERDIP versions. However, because plastic 
encapsulation cannot hermetically seal the die from the 
environment, two separate moisture resistance tests are 
regularly performed to determine the effect of moisture 
on the die and package. In addition, with plastic in 
intimate contact with the die surface, temperature cy- 
cling and thermal shock testing become especially im- 
portant to check for thermal expansion mismatches be- 
tween the layers, which could lead to thin film crack- 
ing. The High Temperature Storage test, run at 250°C 
for CERDIP, must be done at 140°C to prevent damag- 


ing the plastic epoxy. A brief description of the two 
plastic specific moisture tests follows. A description of 
the remaining reliability stresses, common to both plas- 
tic and CERDIP may be found in the discussion pre- 
ceding the CERDIP reliability data. 

85°C/85% RH 

This test subjects the device to a high temperature, high 
humidity environment while bias is applied. The object 
of the test is to accelerate failure mechanisms through 
electrolytic processes, such as metal corrosion. 

Once moisture penetrates the plastic to the die surface, 
voltage and/or moisture may activate contaminants 
within the die thin films or on the die surface to create 
electrolytic corrosion or other moisture effects, such as 
charge loss. See Figure 4 for a typical 85/85 bias dia- 
gram. 

STEAM TEST 

This test places the device in a 121°C/2 atm pressure 
environment (100% humidity) without bias. The objec- 
tive of this test is to accelerate failures of the device due 
strictly to moisture effects within the die thin films. 
Corrosion, as typically seen in plastic encapsulated de- 
vices, is a very minor contributor to Intel EPROM fail- 
ure mechanisms. The EPROM storage cell, with its 
unique structure and composition, generates a distinc- 
tive failure mode which requires special considerations 
and solutions. The floating gate is a highly phosphorous 
doped structure which stores electrons, forming the ba- 
sis of the nonvolatile memory cell. Passivation defects 
or marginalities can allow moisture penetration to a 
single EPROM cell causing oxide deterioration and 
subsequent charge loss. This becomes the predominant 
failure mode for EPROMs, as opposed to corrosion 
which historically has been the dominant plastic mode 
of failure. Intel has developed a proprietary, multi-layer 
passivation which, by preventing moisture penetration 
through the die thin films, has successfully eliminated 
this failure mechanism. 

In addition to these two standard moisture tests, Intel 
subjects all surface mount plastic devices to “pre-condi- 
tioning” stresses before 85/85 stressing and tempera- 
ture cycling. The devices are put into an 8 5° C/30% 
RH environment for 168 hours to provide a specified 
level of moisture in the plastic, then the devices are put 
through a simulated surface mount solder cycle. At the 
high solder temperatures encountered, the plastic may 
delaminate from the leadframe or die cracking may de- 
velop. All the CHMOS III-E plastic EPROMs pass this 
test without problems. 
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5.25V 
GROUND 
5.25V 
GROUND 
5.25V 
GROUND 
5.25V 
GROUND 
5.25V 
GROUND 
5.25V -Wr 
GROUND -A/W 
5.25V -Wr 
GROUND 



5.25V 

GROUND 

5.25V 

GROUND 

5.25V 

GROUND 

5.25V 

GROUND 

5.25V 

-Wr GROUND 
-Wr 5.25V 
-Wr GROUND 
AW 5.25V 
-Wr GROUND 

293004-28 


Pin 

Pin Name 

Stress 

1 

Vpp 

5.25V 

2 

A 12 

Ground 

3 

a 7 

5.25V 

4 

a 6 

Ground 

5 

Ar 

5.25 

6 

a 4 

Ground 

7 

a 3 

5.25V 

8 

a 2 

Ground 

9 

Ai 

5.25V 

10 

Ao 

Ground 

11 

O 0 

5.25V 

12 

Oi 

Ground 

13 

0 2 

5.25V 

14 

Ground 

Ground 

15 

o 3 

Ground 

16 

0 4 

5.25V 

17 

0 5 

Ground 

18 

0 6 

5.25V 

19 

0 7 

Ground 

20 

CE 

5.25V 

21 

Aio 

Ground 

22 

OE 

5.25V 

23 

An 

Ground 

24 

A 9 

5.25V 

25 

As 

Ground 

26 

A 13 

5.25V 

27 

Al4 

Ground 

28 




Figure 4. Typical 85/85 Bias Diagram 
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N27C256 


The N27C56 is identical to the D27C256, except that it 
is encapsulated in a windowless plastic package and so 
may be programmed only once. This lack of re-pro- 
grammability requires unique factory testing and quali- 
fication tests. Since plastic encapsulation is inherently 


non-hermetic and places additional stress on the die, 
device performance in stresses such as 85°C/85% RH, 
steam (121°C/2 atm/100% RH) and temperature cy- 
cling become important. 


Table 1: Lifetest Data Summary 


Year 

Burn-In 
48 Hrs 

5.25V/ 125°C Dynamic Lifetest 

6.5V/125°C Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

1990 

0/0 

0/0 

0/0 

0/0 

0/998 

0/998 

0/300 

0/300 

0/300 

Totals 

0/0 

0/0 

0/0 

0/0 

0/998 

0/998 

0/300 

0/300 

0/300 


Infant Mortality Rate based on 48 hour HVELT data is 0.0%. (% 98 ) 

Table 2: Failure Rate Predictions 


Actual 

Device Hours 

Ea 

(eV) 

Equivalent Device Hours 

# 

Fail 

Fail Rate in FITS 
(60% UCL) 

55°C 

70°C 

55°C 

70°C 

3.72x105 

0.3 HVELT 

5.97x107 

3.80x107 

0 



Total 0.3 eV Failures = 

0 

15.9 

25.0 

3.72x105 

0.6 HVELT 

1.42x107 

5.75x106 

0 



Total 0.6 eV Failures = 

0 

0.0 

0.0 

3.72x105 

1.0 HVELT 

1.61 x 108 

3.56x107 

0 



Total 1.0 eV Failures = 

0 

0.0 

0.0 

Combined Failure Rate: 

15.9 

25.0 



Temp with 0 ja 

0 JA = 83°C/W 

T(55) = 332. 5°K 

V CC = 5.25V 

T(70) = 347. 5°K 

Ice = 1° mA 

T(125) = 402.5°K 

VAF(6.5V/5.25V) = 26 

T(250) = 413. 2°K 


Thermal Acceleration Factors 



125°C 

140°C 

0.3 eV 

0.6 eV 

1.0 eV 

0.6e V 

55°C 

6.2 

38.2 

432.0 

78.7 

70°C 

3.9 

15,5 

95.9 

31.1 
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N27C256 (Continued) 


Table 3: Additional Qualification Tests 

Temperature/Humidity/Bias 
85°C/85% RH 

168 Hrs I 500 Hrs I IKHrs I 2K Hrs 96 H 


Steam 
121°C/2 atm 


336 Hrs 


0/401 0/401 
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N27C010 


The N27C010 is identical to the D27C010, except that 
it is encapsulated in a windowless plastic package and 
so may be programmed only once. This lack of re-pro- 
grammability requires unique factory testing and quali- 
fication tests. Since plastic encapsulation is inherently 


non-hermetic and places additional stress on the die, 
device performance in stresses such as 85°C/85% RH, 
steam (121°C/2 atm/100% RH) and temperature cy- 
cling take on added significance. 


Table 1: Lifetest Data Summary 


Year 

Burn-In 
48 Hrs 

5.25V/ 125°C Dynamic Lifetest 

6.5V/125°C Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

1990 

1/5926 

1/5925 

0/0 

0/0 

0/0 

2/2675 

0/500 

3/498 

0/299 

Totals 

1/5926 

1/5925 

0/0 

0/0 

0/0 

2/2675 

0/500 

3/498 

0/299 


A 

B 




c 


D 



Infant Mortality Rate based on 48 hour HVELT data is 0.017%. (% 926 ) 

Table 2: Failure Rate Predictions 


Actual 

Device Hours 

Ea 

(eV) 

Equivalent Device Hours 

# 

Faii 

Fail Rate in FITS 
(60% UCL) 

55°C 

70°C 

55°C 

70°C 

7.40x105 

0.3 HVELT 

1.20x108 

7.60x107 

5 



7.11 x 105 

0.3 ELT 

4.42x106 

2.81 x 106 

1 



Total 0.3 eV Failures = 

CD 

59.1 

93.1 

7.40x105 

0.6 HVELT 

2.86x107 





7.11 x 105 

0.6 ELT 

2.75x107 





Total 0.6 eV Failures = 

0 

0.0 

0.0 

7.40x105 

1.0 HVELT 

3.27x108 

7.21 x107 

0 



7.11 x105 

1.0 ELT 

3.14x108 

6.92x107 

0 



Total 1.0 eV Failures = 

0 

0.0 

0.0 

i 

Combined Failure Rate: 

59.1 

93.1 


0 j A = 71°C/W 
V CC = 5.25V 
Ice = 10 mA 
VAF(6.5V/5.25V) = 26 


Temp with 0 ja 
T (55) = 331. 9°K 
T(70) = 346. 9°K 
T(125) = 401. 9°K 
T (250) = 413. 1°K 


Thermal Acceleration Factors 



125°C 

1 40°C 

0.3 e V 

0.6 e V 

1.0 eV 

0.6e V 

55°C 

6.3 

38.6 

441.8 

78.7 

70°C 

4.0 

15.6 

97.4 

31.1 
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N27C010 (Continued) 


Table 3: Additional Qualification Tests 


Year 

Temperature/Humidity/Bias 

85°C/85% RH 

Steam 

121°C/2 atm 


168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

96 Hrs 

168 Hrs 

336 Hrs 

1990 ' 

0/466 

0/466 

0/466 

0/225 

0/0 

1/762 

1/759 

Totals 

0/466 

0/466 

0/466 

0/225 

0/0 

1/762 

1/759 

Percent 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.131% 

0.132% 







E 

F 


Year 

Temp Cycles 
— 65°C to + 150°C 

200 Cy 

500 Cy 

IK Cy 

1990 

0/413 

0/413 

0/185 

Totals 

0/413 ’ 

0/413 

0/185 

Percent 

0.0% 

0.0% 

0.0% 


Year 

140°C 

Data Retention Bake 

168 Hrs 

500 Hrs 

IK Hrs 

1990 

0/100 

0/100 

0/100 

Totals 

0/100 

0/100 

0/100 

Percent 

0.0% 

0.0% 

0.0% 


Failure Analysis: 

Unit ID Failure Mechanism or Mode 
A 1 single bit charge loss 
B 1 Ipp failure (0.3 eV) 

C 2 single bit charge loss (0.6 eV) 

D 3 Isb failures (0.3 eV) 

E 1 single bit charge loss — passivation damage 

F 1 single bit charge loss — no passivation damage 
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N27C210 


The N27C210 is identical to the D27C210, except that 
it is encapsulated in a windowless plastic package and 
so may be programmed only once. This lack of re-pro- 
grammability requires unique factory testing and quali- 
fication tests. Since plastic encapsulation is inherently 


non-hermetic and places additional stress on the die, 
device performance in stresses such as 85°C/85% RH, 
steam (121°C/2 atm/ 100% RH) and temperature cy- 
cling become important. 


Table 1: Lifetest Data Summary 


Year 

Burn-In 
48 Hrs 

5.25V/ 125°C Dynamic Lifetest 

6.5V/125°C Dynamic Lifetest 

168 Hrs 

500 Hrs 

IK Hrs 

48 Hrs 

168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

1990 

0/0 

0/0 

0/0 

0/0 

0/1095 

0/1094 

0/300 

0/300 

0/297 

Totals 

0/0 

0/0 

0/0 

0/0 

0/1095 

0/1094 

0/300 

0/300 

0/297 


Infant Mortality Rate based on 48 hour HVELT data is 0.0%. ( 0 / 10 9 s) 


Table 2: Failure Rate Predictions 


Actual 

Device Hours 

Ea 

(eV) 

Equivalent Device Hours 

# 

Fail 

Fail Rate in FITS 
(60% UCL) 

55°C 

70’C 

55°C 

70°C 

6.83x105 

0.3 HVELT 

1.10x108 

6.97x107 

0 



Total 0.3 eV Failures = 

0 

8.6 

13.6 

6.83x105 

0.6 HVELT 

2.69x107 

1.08x107 

0 



Total 0.6 eV Failures = 

0 

0.0 

0.0 

6.83x105 

1.0 HVELT 

3.11 x 10® 

6.80x107 

0 



Total 1 .0 eV Failures = 

0 

0.0 

0.0 

Combined Failure Rate: 

8.6 

13.6 



Temp with 0 ja 

0jA = 53°C/W 

T (55) - 330. 9°K 

V CC = 5.25 V 

T(70) = 345. 9°K 

Ice = 10 mA 

T(1 25) = 400.9°K 

VAF(6.5V/5.25V) = 26 

T(250) = 413. 1°K 


Thermal Acceleration Factors 



125°C 

140°C 

0.3 e V 

0.6e V 

1.0 eV 

0.6e V 

55°C 

6.3 

39.4 

456.0 

78.7 

70°C 

4.0 

15.8 

99.7 

31.1 
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N27C210 (Continued) 


Table 3: Additional Qualification Tests 


Year 

Temperature/Humidity/Bias 

85° C/85 % RH 

Steam 

121°C/2 atm 


168 Hrs 

500 Hrs 

IK Hrs 

2K Hrs 

96 Hrs 

168 Hrs 

336 Hrs 

1990 

0/279 

0/278 

0/278 

0/277 

0/353 

0/353 

3/353 

Totals 

0/279 

0/2/8 

U/2/8 

U/2 ( ( 

u/853 

0/353 

3/353 

Percent 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.850% 








A 


Year 

Temp Cycles 
— 55°C to +125°C 

200 Cy 

500 Cy 

IK Cy 

2K Cy 

1990 

0/211 

0/211 

0/400 

1/400 

Totals 

0/211 

0/211 

0/400 

1/400 

Percent 

0.0% 

0.0% 

0.0% 

0.250% 





B 


Year 

140°C 

Data Retention Bake 

168 Hrs 

500 Hrs 

IK Hrs 

1990 

0/310 

0/310 

0/310 

Totals 

0/310 

0/310 

0/310 

Percent 

0.0% 

0.0% 

0.0% 


Failure Analysis: 

Unit ID Failure Mechanism or Mode 
A 3 Isb failures 

B 1 Isb failure 
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APPENDIX A 

Failure Rate Calculations for 
60% Upper Confidence Level 


Step 1. Collect burn-in and lifetest data for each lot after 48 hours of burn-in through lifetest for each lot. 

Step 2. Determine the failure mechanism and assign an activation energy (E^) for each failure, except those occur- 
ring during the first 48 hrs. 


Failure Mechanism Activation Energies 
Relevant to EPROMs 


Failure Mode 

Activation Energy 

Defective bit charge gain/loss 
Oxide breakdown 

Silicon defects 

Contamination 

Intrinsic charge loss 

0.6 eV 

0.3 eV 

0.3 eV 

1.0 eV-1.2 eV 

1.4 eV 


Step 3. Calculate the total number of device hours accumulated beyond 48 hours of burn-in. 

NOTE: 

The first 48 hours of burn-in at either 5.25V or 6.5V measure infant mortality and are not included in the failure 
rate calculation. Monitor lots will use only 5.25V data for the infant mortality evaluation (IME). See monitor flow 
chart, Figure 1. 

Example: 125°C Burn-In/Lifetest for a 2 lot sample 


# failures 
total # devices 



48 Hours 

168 Hours 

500 Hours 

IK Hours 

2K Hours 

Lot #1 

0/1000 

1/1000 

0/999 

0/998 

0/994 

Lot #2 

0/221 

0/201 

. 1/201 

1/100 

0/99 

Totals 

0/1221 

1/1201 

1/1200 

1/1098 

0/1093 


Actual Device Hours = 2 (Number of Devices in Stress Interval) (Number of Hours in Stress Interval) 
= 1201 (168 hrs-48 hrs) + 1200 (500 hrs- 168 hrs) 

+ 1098 (1000 hrs- 500 hrs) + 1093 (2000 hrs- 1000 hrs) 

= 1201 (120 hrs) + 1200 (332 hrs) + 1098 (500 hrs) 

+ 1093 (1000 hrs) 

2.185 x 10 6 Device Hours 
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Step 4. Use Ea tables to find the equivalent device hours at a desired temperature for each activation energy (failure 
mechanism), or use the Arrhenius relation. 


R = A exp 



K = 8.617 X 10 ~ 5 eV/°K (Boltzmann’s constant) 
A = proportionality constant 
R = mean rate to failure 
Ea = activation energy 
T = temperature in Kelvin 


A-j exp 

-E A 

KT-i 

A 2 exp 

[-Ea] 

. kt 2 . 




Where Ai = A 2 = A for the same failure mechanism (i.e., same Ea) 


Where R\ and R 2 are rates for a normal operating temp and an elevated temperature respectively. 

Ri = R 2 xexp[fif) 


However, since rate (R) has the units 1/time, we can think in terms of time to one failure or MTBF. 
Thus: 

Ri = — where t-| = MTBF at some temperature T| 


r 2 = — where t 2 = MTBF at some temperature T 2 
*2 


Thus the Arrhenius relation becomes: 


1 1 

— = — x exp 
ti t 2 


t-| = exp 




We then define the Acceleration Factor as: 




For example: For E A = 0.6 eV, T 2 = 398°K, T! = 328°K 

t-| = 41.7 t 2 


Therefore, one hour at 125°C is equivalent to 41.7 hours at 55°C for a failure mechanism of activation energy Ea — 
0.6 eV. Then 41.7 is the thermal acceleration factor for time. 
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NOTE: 

The Arrhenius Plot (Figure 2, Page 3) is simply In (Acceleration Factor) vs. 1/Temperature normalized for an 
MTBF of one hour at 250°C (T 2 ). This plot can also be used to determine the acceleration factor between two 
temperatures other than 250°C. 

For example: For a 0.3 eV failure at 125°C, the acceleration factor is 8.1 relative to a 0.3 eV failure at 250°C. For a 
0.3 eV failure at 25°C, the acceleration factor is 152 relative to 250°C. Therefore, the acceleration factor between 
125°C and 25°C is: 


A.F. = 


ti 

*2 


152 

b.l 


18.7 


Step 5. Organize the burn-in/lifetest data by Total Device Hours at the burn-in/lifetest temperature T 2 , Ther- 
mal Acceleration Factors for each failure mechanism (E^), Number of Failures for each failure mechanism, and the 
calculated equivalent device hours at the desired operating temperature Tj. 

NOTE: 

The rise in junction temperature due to the thermal resistivity of the package (0ja) must be added to the ambient 
temperature to arrive at the actual burn-in/lifetest temperatures. 


Ttest ~ Tj + TAmbient — #JA (IV @ TAmbient) + ^Ambient 


E A (eV) 

Total 

Device Hrs @ T 2 

Acceleration 

Factors 

#Fail 

Equivalent 
Hours @ T 1 

0.3 

T.D.H. 

X 

Ni 

X (T.D.H.) 

0.6 

T.D.H. 

Y 

n 2 

Y (T.D.H.) 

1.0 

T.D.H. 

Z 

n 3 

Z (T.D.H.) 


The failure rates for individual failure mechanisms and the total combined failure rate can be predicted using the 
data table and the following formula: 





Where x 2 (n, a) is the value of the chi-squared distribution for n degrees of freedom and confidence level of a. The 
degrees of freedom, n = [2(# of failures) + 2] for this application. T is the total equivalent device hours at Tp The 
total combined failure rate is just the sum of the individual failure rates for each failure mechanism. 


For a 60% UCL (Upper Confidence Limit), the above formula converts to the following: 


# Failures 

0 

1 

2 

3 

3< # <15 


>15 


FIT Rate (60% UCL) 

0.915 X 109/T 
2.02 X 109/T 
3.105 X 109/T 
4.17 X 109/T 

1 .049 (# failures for a particular Ea) + 1 .0305 
T 



[0.2533 + V(4 X # Failed) + 3]2 
4T 
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Example 1: 

Assume for this example, that Ice active is 57 mA at TAmbient = 125°C and Ice active is 60 mA at TAmbient = 
55°C. 1 

Also assume that Oja = 35°C/W. 

Then, 

T 2 = (35°C/W) (57 mA) (5V) + 125°C 
= 135°C - 408° K 

T-l = (35°C/W) (60 mA) (5V) + 55°C 
= 65°C = 338° K 


E A (eV) 

Actual Device 

Acceleration Factors 

Equivalent 

# Fail 

55° C 

Hours @ 125°C 

For 135°C to 65°C 

Hours at 55°C 

FIT Rate 

0.3 

2.185x106 

5.85 

1.278x10? 

0 

81 

0.6 

2.185x106 

34.18 

7.468x10? 

2 

42 

1.0 

2.185x106 

359.93 

7.864x108 

1 

3 



Total Combined Failure Rate = 

126 FITS 


Example 2: 

Assume than an additional lot of 800 CHMOS III-E devices is burned in using a 6.5V lifetest as shown below. 
Assume further that the one failure shown at 168 hours is a 0.3 eV oxide failure. Using Table 2 below, a voltage 
acceleration factor of 26 results from a 1.25V voltage overstress (5.25V to 6.5V). 



48 Hours 

168 Hours 

500 Hours 

Lot #3 

0/800 

1/800 

0/799 


Actual Device Hours = 800 (48 hrs-0 hrs) + 800 (168 hrs-48 hrs) + 799 (500 hrs-168 hrs) 
= 3.997 x 105 


Table 2. Time-Dependent Oxide Failure Voltage Accelerations Relative to 5.25V 


Type 

Supply 

Voltage 

(Volts) 

Oxide 

Thickness 

(A) 

Operating 

Stress 

(MV/cm) 

Lifetest Stress Voltage 

5.5V 

6.0V 

6.5V 

7.0V 

CHMOS lll-E 

5 

235 

2.15 

1.9 

7.0 

26 

93 


ASSUMES: 

1 . Failure rate calculations use the appropriate acceleration factor for stress voltage versus 5.25V operating voltage (conser- 
vative). 

2. Reference [2] E. Nelson Anolick. 
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Since this voltage accelerated stress is used to predict an oxide breakdown failure rate, the 5.25V burn-in/lifetest 
55°C equivalent hours for E^ — 0.3 eV are added to the 6.5V burn-in/lifetest 55°C equivalent hours as follows: 


125°C 

E A (eV) 

Actual Device 

Acceleration Factors 

Equivalent 

Hours 

@55°C 

Burn-ln/Lifetest 

Hours @ 125°C 

for 135°C to 65° C 

5.25V 

0.3 

2.185x106 

5.85 

1.278x107 

6.5V 

0.3 

3.997x105 

(5.85 x 26) 

6.079x107 


| Tots! Equivalent Device Hours for 0.3 0 V Failures — 7.357 x in7 I 


The following failure rate predictions include the total equivalent 55°C, = 0.3 eV device hours found above: 


E A (eV) 

Actual Device 
Hours @ 125°C 

Acceleration Factors 
for 135°Cto 65°C 

Equivalent 

Hours 

@55°C 

# Fail 

55°C 

FIT 

Rate 

0.3 ELT 

0.3 HVELT 

2.185x106 

3.997x105 

5.85 

(5.85 x 26) 

7.357x107 

1 

27 

0.6 ELT 

0.6 HVELT 

2.185x106 

3.997x105 

34.18 

34.18 

8.834x107 

2 

35 

1.0 ELT 

1.0 HVELT 

2.185x106 

3.997x105 

359.93 

359.93 

9.303x108 

1 

2 

Total Combined Failure Rate = 84 FITs 


NOTES: 

1. Additional information on calculating failure rates is contained in the April 2, 1984 International Reliability Physics Sympo- 
sium editorial entitled “Calculating Failure Rates from Stress Data” by Robert M. Alexander. 

2. 1 FIT = 1 Failure Unit = 0.0001 %/1K hours. 
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APPENDIX B 

EPROM Bit Maps and Die Photos 
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Marriage Of CMOS And PLCC Sparking 
Rapid Change In Mounting Memories 


By Alan Hanson 


T he surge in circuit complexity 
over the past year or two has 
pushed the standard DIP size be- 
yond workable dimensions, and ren- 
dered it obsolete where high lead count 
is required. 

Meanwhile, the semiconductor in- 
dustry’s shift to CMOS processing for 
memories, as well as other ICs, is help- 
ing usher in the era of surface-mount- 
able packages. Chief among these 
packages for memories is the plastic- 
leaded chip carrier (PLCC). 

The technology for surface mounta- 
bles and CMOS processing emerged 
from shaky beginnings. Although sur- 
face-mount packaging has been avail- 
able for nearly two decades, its poten- 
tial has just begun to be realized. 

Several technical problems ham- 
pered its early acceptance: the need for 
automated factory equipment; prohibi- 
tively high packaging costs; and the 
lack of necessary construction tools. 

As of 1984, only 6 percent of all com- 
ponents used in the United States were 
surface-mount types. Industry analysts 
predict, however, that with the in- 
crease in packaging options, the avail- 
ability of development tools and the 
rising demand for surface-mountable 
devices, more than 25 percent of compo- 
nents will be surface mounted by 1988. 
And an estimated 128 million of the 
600 million PLCCs manufactured in 
1988 are expected to be memories. 

CMOS has had to fight a similar bat- 
tle. Prohibitively high cost, inherently 
low performance (metal gates) and lack 
of a complete lineup of products neces- 
sary to provide low-power system solu- 
tions were the chief reasons for CMOS’ 
slow start. But, these problems have 
now been overcome and the number of 
products combining CMOS technology 
and surface-mount packages is acceler- 
ating rapidly. 

PLCC Inroads 

The decision to move from insertion 
(through-hole) to surface-mount tech- 
nology is not an easy one. The available 
options are somewhat confusing: 

•Are space constraints a problem? 
•Is more functionality required? 
•Will surface mounting make a more 
competitive product? 

•Will manufacturing-cost savings be 
realized? 


•Is the proper assembly equipment 
already available? 

•Do components meet JEDEC stan- 
dards? 

•Will socketing be required? 

The drive for smaller, more functional 
and more competitive products is forcing 
many engineers to scale down existing 
designs; to strive for VLSI solutions; and 
to use PLCC packages and other surface- 
mount packaging options, which can re- 
duce board size dramatically. 

Decisions as to which surface-mount 
option to use are usually based on board- 
size restrictions. In general, PLCCs 
minimize the area footprint on a board 
for lead counts ranging from 28 to 124. 

One example of the space-saving 
ability of a PLCC package is Intel’s new 
32-lead PLCC package which it is de- 
veloping for its 64k and 256k CHMOS 
EPROMS. The PLCC measures 0.45 x 
0.55 inch, whereas the 28-pin DIP that 
would normally be used here measures 
1.4 x 0.6 inch. The reduction in area 
footprint is 70 percent. 

The contact area for chip leads can be 
closer for a PLCC device because the 
mounting holes mandatory for inser- 
tion devices are eliminated. Surface 
mounting also allows components to be 
placed and soldered on both sides of a pc 
board where through-hole mounting is 
not employed. Depending on the com- 
plexity and type of components re- 
quired in the board layout, a 35- 1© 60- 
percent reduction in board size is 
possible. 

To minimize total chip requirements, 
manufacturers of products such 
as EPROMs are incorporating an ad- 
dress latch on the address and data pins 
to allow direct interface with a micro- 
controller or microprocessor. This 
eliminates the need for an external 
latch, as well as reducing board size. 

Surface-mount elements can also re- 


duce component weight as much as 75 
percent. 

Lightweight PLCC packages tend to 
be ideal for high- vibration industrial 
and automotive applications, as well as 
for portable applications. 

Surface mounting requires a sub- 
stantial investment in capital equip- 
ment. New techniques for soldering 
components to boards (i.e., vapor phase 
or wave soldering) must be considered 
and automated machinery such as 
pick-and-place assemblers must be em- 
ployed — new pick-and-place machinery 
employing vacuum pickup has been de- 
veloped to handle the wide array of 
different sized packages available for 
surface mounting. 

Today, many different machines are 
available. Their processing capacity 
ranges anywhere from 500 to 500,000 
devices per hour. (Surface-mounting 
technology is even used in small-volume, 
custom facilities, such as for making por- 
table medical equipment, where the de- 
vices are manually soldered to boards.) 

The benefits of factory -automated as- 
sembly are numerous. Less floor space 
is required. Since raw materials are 
contained in smaller packages, storage 
space is diminished. Lighter-weight 
components reduce shipping and han- 
dling expenses. Space-saving benefits 
can be achieved in the layout of the 
assembly equipment itself. Some man- 
ufacturers have been able to reduce the 
required factory floor space by as much 
as 25 percent. Other cost savings in- 
clude a reduced labor force, the ability 
to maintain a no-shutdown assembly, 
improved reliability and reduction of 
inspection and rework. 

These benefits must outweigh, of 
course, the costs of automating the fac- 
tory, as well as the cost of restructuring 
and retraining. 
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This CMOS EPROM combines both n-channel and p-channel transistors onto a p- 
type epitaxial substrate to reduce greatly current requirements as compared with 
an NMOS counterpart. 
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When choosing between packaging 
alternatives, consideration should al- 
ways be given to industry-wide stan- 
dardization to avoid unnecessary de- 
sign mismatching and insure 
upgradeability. For example, the 32- 
lead PLCC package was chosen for 
high-density EPROMs because as 
much as 512 kbits of address space is 
easily contained within this package 
size. Furthermore, PLCC devices with 
as many as 124 J-type leads have been 
icgistered with JEDEC, the standard- 
setting body for the industry. 

A J-type lead extends out of the four 
sides of a PLCC package and is tucked 
under the body into small pockets. It 
was chosen as the industry-standard 
lead type as opposed to gull wing for 
several reasons. A minimum-area foot- 
print is best achieved with a J-lead — 
gull wings extend horizontally out from 
the body of the package, increasing the 
required area footprint of the compo- 
nent. Because of their extended leads, 
gull-wing devices are also at greater 
risk to damage during assembly or 
transporting. 

J-type leads are also more aptly suit- 
ed for socketing, which may be particu- 
larly important for memory compo- 
nents subject to periodic updates. The 
J-lead PLCC does, however, have its 
drawbacks, the most noticeable being 
the difficulty encountered in inspecting 
solder joints. 

The next step for design engineers 
who have decided to use PLCC compo- 
nents is to investigate the available 
process-technology alternatives. 

CMOS And PLCC Packaging 

Applications ideal for both CMOS 
parts and PLCC packages lie in low- 
power portable products in space-con- 
strained environments. Examples can 
easily be found in the automotive, tele- 
communication and portable-instru- 
ment markets. 


Alan Hanson is product marketing 
engineer, Intel Corp., Folsom, Calif. 


CMOS’ greatest strength lies in its 
low-power properties. For example, In- 
tel’s 27C64 CHMOS EPROM, which 
combines both n-channel and p-chan- 
nel transistors onto a p-type epitaxial 
substrate, maintains a maximum oper- 
ating current of 10 mA, standby cur- 
rent of 100 mA and offers 200-ns total 
access time. Its NMOS counterpart 
would require six times more active 
current, 200 times greater standby cur- 
rent and would offer no improvement to 
tnta] access time. 



Both the 28-pin DIP and 32-lead PLCC 
can hold anywhere from 32k to 512k 
EPROMs. But, the carrier is roughly a 
third smaller. 


PLCC packages are essential in por- 
table applications because of their 
space-saving and lightweight features. 
Minimizing component packaging size, 
however, achieves little if used in con- 
junction with bulky power supplies, 
batteries and cooling devices. Because 
of its low-power requirements, CMOS 
helps minimize the need for large pow- 
er supplies and cooling devices, as well 
as enhancing PLCC-device reliability. 

Because of their reduced package size 
and plastic construction, PLCCs are poor 
heat conductors compared with the larg- 
er DIP packages. So heat-related break- 
downs are more likely — heat dissipation 
is generally a function of package mate- 
rial, length and construction of leads, 
package surface area and, of course, the 


power consumed by the devices. 

In improving the overall integrity 
and reliability of surface-mountable 
components, methods must be em- 
ployed to deal with thermal-manage- 
ment problems. The chief way to ac- 
complish this for PLCCs is to reduce 
the resistance to heat flow from the 
active junction to the atmosphere. 

Thermal resistance ranges from 
about 40C° per watt for a 68-lead PLCC 
package to more than 100C° per watt 
for the 20-lead device. Copper alloy 
leads, modified substrate materials, 
and special heat sinks are being used at 
the package and board levels to maxi- 
mize heat conduction. 

In VLSI applications where increased 
device functionality is required, thermal 
management becomes an acute problem. 
As functionality increases, power de- 
mands likewise increase. The resulting 
higher operating temperatures may re- 
sult in severe degradation to device oper- 
ation and performance. 

CMOS offers a solution to thermal- 
management problems. For example, 
the 27C64, with a maximum operating 
current of 10 mA, generates 50 mW of 
heat — a sixth the amount of its NMOS 
counterpart. 

Depending on the particular design 
and application, special heat-sink de- 
signs and/or cooling fans can be reduced 
or even eliminated with CMOS parts. 

CMOS is particularly valuable in ex- 
tended-temperature environments, 
such as automotive engine-control ap- 
plications where operating tempera- 
tures range from - 40°C to 80°C and as 
high as 125°C. In these applications, 
CMOS may be the only way to provide 
reliable device operation. 

CMOS also brings to a PLCC pack- 
age wider V cc tolerances and HMOS 
compatability. 

Support tools such as testing, solder- 
ing and programming equipment have 
also become available for CMOS-based 
surface-mount designs. EET 
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One-Time 

Programmable EPROMs 

Plastic-packaged OTP EPROMs can offer the same performance 
as their cerdip counterparts, while being more cost-effective. 



1. Eight OTP EPROMs of varying densities stuffed in this EPROM library board store 
bootstrap code, the microprocessor instruction set, and EPROM programming algorithms. 


By Richard Immekus and Richard 
Foehringer, Memory Components 
Div., Intel Corp., Folsom, Calif. 

Ultraviolet EPROMs (erasable, pro- 
grammable read-only memory), intro- 
duced in the early 1970s, have encoun- 
tered phenomenal acceptance in the 
marketplace in the past few years. 
Annual usage is measured today in the 
hundreds of millions of units. 

Where once EPROMs were used pri- 
marily in R&D environments and pre- 
production phases of a new product, 
today they are found in a multitude of 
mass-produced products ranging from 
telephones and video games to automo- 
biles and home computers. The pene- 
tration into markets once dominated 
by masked ROMs is both due to their 


inherent flexibility of EPROMs (they 
can be programmed at a moment’s 
notice) and the rapid convergence of 
EPROM and ROM prices over the last 
few years. 

OTPs and test 

A type of device known as "one-time 
programmable” (OTP) EPROMs offers 
the same performance as its cerdip 
counterpart, yet is inherently more 
cost-effective. In addition, these plastic 
production EPROMs can now be pro- 
grammed nearly 100 times faster than 
cerdips. This dramatically reduces 
throughput time and paves the way for 
cost-effective, automated on-line pro- 
gramming. 

Although most memory products 
(ROMs, DRAMs, SRAMs, etc.) have 


been available in plastic for years, this 
has not been the case with EPROMs. 
The essential characteristic of these 
devices, i.e., their UV-erasibility, 
made packaging them in plastic ex- 
tremely difficult. Some early attempts 
were made by various manufacturers 
to produce plastic parts that incorpo- 
rate a "window,” similar to cerdip 
parts. These windows, however, 
tended to fall out or leak during steam 
and moisture testing and never proved 
reliable. 

Without the window, the UV- 
erasability feature of an EPROM is 
lost and a major barrier to manufac- 
turing OTP parts is erected. To be 
useful to the customer, EPROMs must 
be received in a blank state, yet still be 
tested during the manufacturing pro- 
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OTPs are preferable for auto-insertion. 


cess to verify that they comply to pub- 
lished specifications and that each cell 
can in fact be programmed. Thus, veri- 
fication entails programming, testing, 
and erasure. Intel has succeeded in 
refining its testing methodology to the 
point that each die is individually and 
thoroughly tested at the wafer level; 
the wafer is then UV-erased. In addi- 
tion, proprietary innovative test 
modes have been incorporated into the 
EPROM design to allow performance 
testing at the post-packaging level. 
The result is that the customer re- 
ceives fully tested OTP parts with the 
same guaranteed performance and 
programmability found on cerdip 
EPROMs. 

Because plastic-packaged parts are 
non-hermetic, moisture resistance is 
always a concern to reliability engi- 
neers. In the semiconductor industry, 


nitride is very commonly used as a 
passivation layer and moisture barrier 
on ICs. With EPROMs, however, stan- 
dard nitride passivation is not accepta- 
ble due to its non-UV-transmissive 
composition. In addition, EPROMs 
have a special sensitivity to moisture 
not found in any other state-of-the-art 
NMOS product. 

Due to the nature of the storage cell 
in an EPROM structure, data is main- 
tained in a non-volatile state via 
charges trapped on a phosphorus- 
doped floating polysilicon gate. Entry 
of moisture is due to passivation de- 
fects or passivation process 


marginalities and causes oxide dam- 
age, thereby creating a leakage path 
for the charge cell. Such occurrences 
can readily be induced via steam "pres- 
sure cooker” testing or extended 85°C, 
85 percent RH exposure, and are mani- 
fested as charge-loss tailures. 

In order to provide OTP parts that 
can withstand the effects of moisture 
and steam — i.e., exhibit no evidence 
of corrosion or charge loss and still be 
erased properly when exposed to UV 
light — Intel developed a proprietary 
multilayer passivation process. The re- 
sulting protective layers were the last 
missing element in a systems solution 
to providing cost-effective production 
EPROMs. 

Qualification 

Every engineer knows that the tran- 
sition from lab-condition product de- 


sign to mass production in a high- 
volume manufacturing environment is 
difficult at best. To minimize risks and 
ensure reproduceability, Intel takes 
each new product through a rigorous 
qualification procedure (see table) in 
which exhaustive tests, both destruc- 
tive and non-destructive, are per- 
formed for both electrical and mechan- 
ical testing. Substantial amounts of 
electrical data are collected and scruti- 
nized, and failures are analyzed to the 
last detail. 

To ensure the quality and reliability 
of its products, Intel follows a "zero 
defects” program. Reliability monitors 


(Fig. 2) and lot-quality inspection sam- 
pling are carried out on each and every 
manufacturing lot. Electrical and visu- 
al inspection is performed to a 0.1 
percent acceptable quality level (AQL). 

Not only is outgoing quality sampled 
and verified, but programmability, in- 
fant mortality and long-term reliabili- 
ty are monitored on a weekly basis. 
These tests are conducted on finished 
products and, since OTPs are non-eras- 
able, all devices used for quality and 
reliability monitors must be scrapped. 

The results of electrical testing car- 
ried out to date show that OTP 
EPROMs are as reliable as cerdip 
EPROMs. Using data from qualifica- 
tion and process monitor tests, the 
calculated low failure rates of OTPs 
(less than 0.02 percent per 1,000 device 
hours) match those of their cerdip 
counterparts. 

In addition, moisture resistance is 
exceptionally high for these plastic 
OTP parts. A survey of major custom- 
ers regarding needs for moisture per- 
formance has revealed that a percent- 
age defect allowable (PDA) of 3 to 5 
percent is required. Intel’s in-house 
qualification procedures generally re- 
quire plastic packaged parts to with- 
stand 96 hours of steam and 1,000 
hours of 85°C, 85 percent RH. This 
specification equals or exceeds that of 
Intel’s major customers. 

Many people today assume that be- 
cause cerdip packages are hermetic, 
they are inherently more reliable and 
better suited to production than plastic 
units. This was true years ago, but 
with the advent of automated assem- 
bly lines, and particularly autoinser- 
tion equipment, a problem with cerdip 
usage began to emerge. It was found 
that cerdip packages occasionally chip 
or crack if not handled properly. Plas- 
tic packaged components, however, do 
not experience this deficiency. 

Today, plastic EPROMs are preva- 
lent in most computers, video games, 
modems, printers, electronic typewrit- 
ers, and other products. The increasing 
demand for highly automated assem- 
bly lines and production flow de- 
manded by these items will lead to 
increasing use of plastic packaged 
components at the expense of cerdip 
packages. 

Fast programming issues 

Earlier it was stated that OTP pro- 
duction EPROMs can be programmed 
almost two orders of magnitude faster 


OTP qualification process j 

Test 

Conditions 

Programmability 

All voltage corners 

Speed performance 

0°C, 25°C, 70°C (equivalent) 

Theta JA by device type 

Thermal impedance of the package 

Burn-in 

48-hr/168-hr 125°C dynamic burn-in 

Elevated temperature life test 

500-hr/1 ,000-hr 125°C dynamic life test 

High-voltage ELT 

168-hr/125°C high-voltage ELT (6.5 V) 

Data retention bake 

1 ,000-hr/140°C static data retention bake 

Steam 

96-hr/1 68-hr 121°C 30 psi steam 

85/85 

1 ,000-hr 85°C/85% relative humidity 

Test* 

Description/methodology 

Temperature cycle 

Mil std 883, method 1010C 

Thermal shock 

Mil std 883, method 101 1C 

Centrifuge 

Mil std 883, method 2001 

Bond pull 

Mil std 883, method 201 1 

Die shear 

Mil std 883, method 2019 

Lead fatigue 

Mil std 883, method 2004 

Solderability 

In-house, 2-hr 170°C, 1-hr steam 


*Tests conducted to determine the mechanical worthiness of Intel’s 28-pin OTP package. 
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than cerdip equivalents. When one ming speeds through the use of much 
considers that most 256K EPROMs shorter pulses than required by previ- 
generally program in four to six min- ous programming algorithms. For ex- 
utes and that an OTP such as the ample, Intel’s earlier Intelligent pro- 
P27256 can be programmed in less gramming algorithm, which is still 
than four seconds, one begins to realize required for cerdip parts, uses a one 
the magnitude of the time savings and millisecond pulse and an overpulse 
increased throughput potentially scheme. By contrast, the Quick-Pulse 
available to the user with OTPs, with- Programming algorithm usually needs 
out a corresponding compromising of only a short 0.1 millisecond pulse with 
device reliability. no overpulse. Increased Vpp latch-up 

A new approach, designated by Intel protection is designed into these new 
as the Quick-Pulse Programming algo- OTP devices, and when V pp and V cc are 
rithm, permits these faster program- raised program cell margin increases. ■ 

Reprinted from ELECTRONIC PACKAGING & PRODUCTION February, 1987 
© 1987 by CAHNERS PUBLISHING COMPANY 
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Programming™ offer ideal mass 
production firmware storage 

V. Siva Kumar 

Product Marketing Engineer 

Intel Corporation 


In today’s manufacturing environment— where 
production flexibility, just-in-time inventory 
management, and, above all, quick throughput 
are needed — EPROMs have established them- 
selves as the solution for cost-effective firmware 
production. Intel Corporation, having invented 
the EPROM in the seventies, has continued to pio- 
neer advances that have made EPROMs the 
choice over masked ROMs as high-volume 
firmware carriers. Intel’s one-time programmable 
(QTP) plastic-packaged 
EPROMs, that can be pro- 
grammed in a few seconds using 
the new Quick-Pulse Program- 
ming"' algorithm, will supplant 
both CERDIP EPROMs and 
masked ROMs in this firmware 
storage task. 

These plastic-packaged produc- 
tion EPROMs, currently avail- 
able in densities up to 256 kilo- 
bits, are the world’s first 
EPROMs that are programmable 
using the new Quick-Pulse Pro- 
gramming algorithm. This pro- 
gramming algorithm achieves up 
to two orders of magnitude reduc- 
tion in programming time com- 
pared to existing programming 
algorithms. Volume usage of high 
density EPROMs is now more 
cost-effective than ever through 
the use of OTP plastic packaged 
EPROMs with programming 
techniques employing this algo- 
rithm. 

To high-volume users of 
EPROMs, programming time is a 
large component of throughput 
time. As EPROM density has con- 
tinued to treadmill toward the 
megabit level, programming 
times have become a major con- 
cern to system manufacturers. Even the industry 
standard Inteligent™ algorithm consumes a siz- 
able amount of time in programming mature den- 
sities. Therefore, if high-density EPROMs are to 
serve the manufacturing requirement of quick 
throughput, programming times must be reduced. 
Innovation yielded the answer to this problem in 
the form of Intel’s new Quick-Pulse Programming 
algorithm. 

EPROM programming time evolution 

Until the advent of Intel’s Inteligent Program- 
ming algorithm in 1983, EPROM programming 
was done using a nominal 50-millisecond pro- 
gramming pulse per EPROM byte, a method that 
required about 1.5 minutes to program a 16 kilo- 
bit EPROM. If that same programming technique 
were employed for higher EPROM densities such 


as the 256-kilobit, as many as 24 minutes would 
be required to program the device. The Inteligent 
algorithm therefore was devised to improve pro- 
gramming throughput for the higher densities 
available at that time— namely the 64-kilobit and 
128-kilobit EPROMs. 

The Inteligent Programming algorithm was the 
first algorithm to exploit the fact that only a few 
EPROM cells required 50-millisecond pulses to 
program while a majority of the cells were suc- 


cessfully programmed with substantially shorter 
pulses. 

This algorithm employed a closed-loop tech- 
nique of margin checking. Nevertheless, this pro- 
gramming technique still required pulse widths 
in the millisecond range with mandatory 
overpulses. Hence, the Inteligent algorithm takes 
several minutes to program the highest density 
EPROMs available today (265 and 512 kilobits). 

Thus, the stage was set for a breakthrough in 
programming algorithm development. The objec- 
tives were simple: (1) ensure the shortest possible 
programming time with the present technology 
and (2) maintain the programmability and data 
retention characteristics of the earlier algorithms. 
The Quick-Pulse Programming algorithm satis- 
fies these objectives. 


Quick-Pulse Programming algorithm 

For the first time, advances in EPROM design 
and process technology allow the use of short pro- 
gramming pulses of only 100 microseconds. 

The Quick-Pulse Programming algorithm takes 
advantage of tighter programming voltage toler- 
ances in conjunction with the increased V pp latch- 
up protection designed into Intel EPROMs. This 
latch-up protection allows V pp and V cc to be 
raised above the levels previously employed for 
programming, thus providing for 
greater program cell margins. 
The algorithm is made possible 
because of the improved HMOS 
II-E EPROM cell characteristics, 
carefully controlled cell profiles, 
oxide thickness and quality and 
channel length controls (see 
“Quick-Pulse — a Technipal Ex- 
planation”). 

The flow chart of the Quick- 
Pulse Programming algorithm is 
shown in Fig. 1. One can immedi- 
ately see that the algorithm is in- 
herently similar to the earlier 
Inteligent Programming algo- 
rithm in that it benefits from the 
different characteristics of indi- 
vidual EPROM bits. Different 
cells require a varying number of 
programming pulses, and an iter- 
ative closed-loop scheme allows 
flexibility in employing just the 
right number of pulses required 
by each cell. 

The programming of an 
EPROM using the Quick-Pulse 
Programming algorithm is done 
as follows. The programming 
voltage V pp should be set at 12.75 
V with V rc set to 6.25 V (higher 
than the 5V V rc used during nor- 
mal operation). Iterative pro- 
gramming pulses of 100 microseconds are then ap- 
plied. After each pulse, the algorithm checks the 
EPROM output to verify the desired programmed 
value. If the output is incorrect, the algorithm re- 
peats the pulse-and-check operation. If after 25 
such iterations the output of that byte still does 
not verify correctly, the device failed program- 
ming and is rejected. If the byte verifies accurate- 
ly within 25 pulses, programming of that byte has 
been accomplished and the next byte is similarly 
treated. Data gathered from the programming 
characterization of the Intel EPROM cell shows 
that over 99 percent of the cells only require one 
programming pulse. After all the bytes are pro- 
grammed, there is a final verification operation 
that compares all the programmed bytes to the 
original. 
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Using the Quick-Pulse Programming algo- 
rithm, the 256-kilobit EPROM can be pro- 
grammed in a theoretical minimum time of 3.3 
seconds compared to about four to six minutes re- 
quired if the Inteligent algorithm were used. This 
fast programming time is achievable when the 
overhead associated with the programming equip- 
ment is minimized. The term “overhead” refers to 
the time required by the EPROM programming 
equipment to perform some operations needed to 
program an EPROM. Some of these operations are 
(a) verifying that the EPROM is inserted into the 
socket in the correct orientation, (b) reading the 
EPROM device identifier and manufacturer’s 
code, (c) selecting the appropriate programming 
voltages, and (d) checking to see if the EPROM is 
in an unprogrammed state. 

Most programmers currently available in the 
market are based on older and slower microproc- 
essor designs and consequently have large pro- 
gramming overhead. However, newer program- 
mer designs anticipated in the near future will 
utilize more efficient microprocessors, such as the 
Intel 80186 or 80188, and should therefore have 
substantially reduced overhead. The Quick-Pulse 
Programming algorithm, when used in conjunc- 
tion with low programming overhead, achieves 
programming times close to the theoretical mini- 
mum, yielding a major improvement over the 
Inteligent Programming algorithm. Many manu- 
facturers using large volumes of EPROMs design 


their own programmers or employ “on-board” pro- 
gramming (in-circuit programming of EPROMs). 
This new programming algorithm will allow these 
manufacturers to obtain the benefits of the re- 
duced programming time. Table 1 shows the com- 
parison of the programming times possible with 
the Quick-Pulse Programming algorithm on pro- 
grammers available today as well as the theoreti- 
cal minimum programming time with no pro- 
grammer overhead. 


PROGRAMMING TIMES 

With Data I/O Model 120/121 
(Firmware version VI 0): 

2764A 

27128A 

27256 

Current algorithm 62 sec. 

124 sec. 

272 sec. 

Quick-Pulse 16 sec. 

32 sec. 

68 sec. 

Improvement 3.9 x 

3.9 x 

4 x 

With Intel Fast 27/K* | 

2764A 

27128A 

27256 

Current algorithm 41 sec. 

80 sec. 

158 sec. 

Quick-Pulse 10 sec. 

14 sec. 

35 sec. 

Theoretical limit with no overhead 


on programmer 

2764A 

27128A 

27256 

0.9 sec. 

1.7 sec. 

3.3 sec. 


Table 1 


Comparison: 

Quick-Pulse Programming 
vs. Inteligent Programming 

Tlie two main reasons that the Quick-Pulse Pro- 
gramming algorithm achieves its speed are the 
extremely short programming pulses and the 
elimination of the over-programming pulses. 

The Inteligent Programming algorithm needed 
longer pulses of 1 millisecond for programming. 
However, the use of a higher V PP programming 
voltage in the Quick-pulse algorithm (12.75 V 
compared to 12.5 V) increases efficiency (due to 
higher drain voltage) and maximum margin (due 
to higher gate voltages). This reduces the need for 
longer pulses and allows the new algorithm to em- 
ploy pulses of 100 microseconds. 

The Inteligent Programming algorithm utilizes 
a 3 x over-program pulse at the end of each byte 
verification to ensure programming margin. This 
means that even when a cell takes only one 1-mil- 
lisecond pulse to program, the over-programming 
caused the cell programming time to be 4 millisec- 
onds; if the cell takes 2 milliseconds to program, 
the total time increases to 8 milliseconds. Thus, if 
the cell needed the maximum of 25 pulses to pro- 
gram, the total time consumed for program pulses 
and overprogram pulse would add up to 100 milli- 
seconds. 

The Quick-Pulse Programming algorithm does 
not need the over-programming pulse to ensure 
adequate programming margins. The use of a 
higher V cc is a more direct means of achieving the 
same result. 

Thus, other than the reduction in the pulse 
width and the elimination of the over-program- 
ming pulse, the Quick-Pulse Programming algo- 
rithm resembles the Inteligent Programming al- 
gorithm, with both V CC and V pp programming 
voltages increased by 0.25 V. Table 2 shows the 
comparison of the two algorithms. 

(cont. on next page) 
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COMPARISON: QUICK-PULSE 

VS. INTEUGENT PROGRAMMING 


Quick-Pulse 

Inteligent 

Pulse width 

0.1 msec. 

1 msec. 

Max. # of pulses 

25 

25 

Over-prog, pulses 

no 

yes (3 x msec.) 

V PP 

12.5-13.0 V 

12.0-13.0 V 

V cc (programming) 

6.0-6. 5 V 

5.75-6.25 V 


Table 2 


Programmability and data retention test re- 
sults for the Intel P2764A and P27256 EPROMs 
are as follows for 168-hour bum-in: P2764A 1700 
tcctcd'O failed; 7685 tested/0 Tb» 

suits show that the Quick-Pulse Programming al- 
gorithm does not compromise reliability and qual- 
ity to achieve programming speed. Extensive 
characterization and reliability data were accrued 
to validate the algorithm. 

OTP & Quick-Pulse 
Programming: cost- 
effective combination 

The EPROMs currently quali- 
fied to be programmed using the 
Quick-Pulse Programming algo- 
rithm are Intel’s production 
EPROMs, the P2764A, the 
P27128A and the P27256, which 
are plastic-packaged OTP (one- 
time programmable) versions of 
the 64-, 128-, and 256-kilobit 
EPROMs respectively. The 
P27512 and the P27513, the 
plastic-packaged 512-kilobit 
EPROMs, as well as upcoming 
plastic leaded chip carrier 
(PLCC)-packaged EPROMs, will 
also be qualified on this new al- 
gorithm. 

Intel’s OTP production 
EPROMs have qualities that are 
well suited for high-volume 
firmware manufacturing envi- 
ronments. It is in such high-vol- 
ume manufacture that the bene- 
fits of reducing the program- 
ming time per device are 
magnified into large gains in 
productivity through reduced 
throughput. Thus the combina- 
tion of production EPROMs with 
the Quick-Pulse Programming 
algorithm offers a significant 
advantage to large-scale 
firmware producers. 

The reduction in program- 
ming times for the mature den- 
sities with the Quick-Pulse algo- 
rithm is significant. The savings 
in programming time translates 
directly into savings in pro- 
gramming costs, and, of course, 
the cost savings increase as the 
number of programmed parts in- 
creases. 

Programming combines 
with auto-handling 
of OTPs 

The high-reliability plastic 
package of the OTP EPROM has 
several unique advantages over 
the CERDIP package that make 
it highly suited for completely 
automated manufacture. The 
plastic package is extremely 
rugged and will not chip or crack 
in tube-to-tube auto-handling 
unlike the brittle ceramic pack- 
age. The CERDIP package also 
may not have its base and lid 
aligned in exactly the same ori- 
entation, which also causes 


breakages when machine handled. The plastic 
packages are molded in one single piece with no 
separate lid or base and consequently have no 
alignment-related auto-handling losses. 

Modern production technology is increasingly 
focusing towards complete automation as the 
means of improving quality and reliability and re- 
ducing manufacturing costs. With full automation 
as the goal, the advent of the Quick-Pulse Pro- 
gramming algorithm coupled with the OTP allows 
for the first time for the programming process to 
be incorporated in the manufacturing flow. Using 
automatic handlers that are available today, one 
can completely process the P2764A (64-kilobit 
OTP), including the programming step in less 
mull two becuiiua. me un 25C-niioL>il Lit »U1H 
only takes four or five seconds to be programmed 
and assembled on the system. 


OTPs make ROMs obsolete 

OTP plastic EPROMs have a meyor advantage 
to traditional ROM users and that is greater flexi- 
bility. In the fiercely competitive environment of 
today, quick time to market with the right product 
that meets the customers’ changing needs is of the 
utmost importance. Maintaining an inventory of 
unprogrammed OTPs saves the firm from having 
to store many line items of masked ROMs. The 
simplicity and speed of programming an OTP al- 
lows for quick changes of software, without any in- 
creased overhead and management costs. With 
changing requirements, ROM code obsolescence is 
a major cost increase factor that can again be 
eliminated with OTPs. 

For further information, asK for Lit. w W-36i, 
Intel Corp., 3065 Bowers Ave., P.O. Box 58065, 
Santa Clara, CA 95052-8065. 
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Keeping data safe 
with nonvolatile memory 

The author sorts out the myriad nonvolatile memory options available, 
including ROMs, PROMs, EPROMs, E 2 PROMs, NVRAMs, plus others. 



Terry Kendall 

Technical Marketing Engineer 
Memory Components Div. 
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Nonvolatile memory (NVM) devices have one primary 
characteristic — they don’t “forget” when power is re- 
moved. Without them, no computerized system can wake 
itself or begin operation. 

NVMs come in many forms. Some, such as masked ROMs 
(read-only memories), have data “manufactured” into 
them. Others, ranging from PROMs to bubble memories, 
are user-programmable. PROMs and EPROMs are read-only 
memories while E 2 PROMs, NVRAMs, and battery-backed 
static RAMs provide in-system read and write capability. 
In harsh environments where disk storage won’t function, 
bubble memory provides compact, highly reliable read/ 
write mass memory. 

This article looks at the NVMs currently available, ex- 
plains their important characteristics, and gives some 
pointers on choosing the best type for your application. 

ROMs 

Masked ROMs (Fig. 1) are used in applications that have 
stable code and that require an NVM featuring a long life 
cycle. Firmware is written and debugged by the OEM, then 
submitted to the ROM manufacturer. 

ROMs are typically manufactured using NMOS (N-chan- 
nel metal oxide semiconductor) technology. A generic 
transistor array is custom-programmed during one of the 
final process steps. 

Because the cost of programming (or masking) a custom 
ROM is high, these NVMs are used mostly in high volume 
applications, where costs can be amortized over a large 
quantity of units. One drawback: If ROM firmware has 
even one error or an upgrade is required, entire stocks of 
programmed ROMs must be discarded and replaced. 
PROMs 

Bipolar PROMs (programmable ROMs, Fig. 2) were one of 
the first user-programmable memories developed. PROMs 
use a fusible link to store data. They’re supplied by the 
manufacturer with all fuses intact; blowing the appropri- 
ate fuses programs the devices. 

While very fast, bipolar PROMs are also power-hungry. 
The relatively small memory in each package (32 to 2K 
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bytes) leads to higher system chip count, increasing sys- 
tem size and power consumption. However, when compu- 
tational speed is a primary objective, access times as fast 
as 25 ns make bipolar PROMs obvious contenders. 

EPROMs 

EPROMs (ultraviolet erasable programmable ROMs) can 
be purged of data and reprogrammed. They use a data stor- 
age technique different from ROMs and PROMs. Rather 
than mechanical connections (metal lines or blown fuse- 
links), data is represented by altering an internal storage 
transistor’s threshold (turn-on) voltage. Exposing the 
EPROM to ultraviolet light erases it. 

EPROMs have taken the lead in high-density NVM flexi- 
bility. Word-wide (16 bits) EPROMs and single-chip densi- 
ties from 16K to 64K words are available now, and up to 
512K words will be available in the future. To accommo- 
date the limited address range of 8-bit microcontrollers 
and microprocessors, byte-wide page-addressed EPROMs 
and ROMs pack 64K or 128K bytes (up to 4 million bytes in 
the future) into a single 16K-byte address space. Multiple 
transistor cell techniques are yielding high-speed EPROMs 
with access times rivaling bipolar PROMs. 

EPROMS are ideal for system prototyping. Less expen- 
sive plastic OTP (one time programmable) EPROMs can be 
used when systems go into production. 

When power consumption is a primary consideration, 
CMOS ROMs and EPROMs are available. In addition, CMOS 
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has speed and current drive capabilities superior to NMOS. 
Standard CMOS memories have access times as fast as 100 
ns, and output current-source capabilities of 2.5 mA. 

E 2 PROMs 

E 2 PROMs (electrically erasable and programmable 
ROMs, Fig. 3) — sometimes called EEPROMs or EAROMs— 
are cousins of EPROMs and functionally identical in read 
mode. E 2 PROMs, however, have a significant advantage 
over EPROMs — they can be erased and reprogrammed in- 
ai cuit, a uj tc at a. time. E^PEOMs contain cn chip circuitry 
that makes them pin-compatible with static RAMs and 
EPROMs. Simply writing new data to the E 2 PROM, like 
writing to RAM, will change data. 

An E 2 PROM requires about 5 ms to perform an auto- 
erase/store operation, substantially slower than a typical 
RAM write. But E 2 PROMs have the capability to store up to 
sixteen bytes simultaneously in 5 ms, or about 312 p.s per 
byte. This cycle time per byte is compatible to normal 
memory write cycles. E 2 PROMs have a minimum erase- 
store endurance of 10,000 cycles, and undisturbed data 
will remain valid for at least 10 years. 

NVRAMs 

NVRAM (nonvolatile random access memory, Fig. 4) 
takes flexibility and reprogrammability one step further. 
It consists of two parallel memory planes. The foreground 
memory is static RAM, and each RAM bit is backed up by 
an E 2 PROM storage cell. Read and write operations deal 
only with RAM, at RAM speeds. On power-up, or when com- 
manded, E 2 PROM data is transferred to RAM. When sys- 
tem power is lost, power-fail circuitry transfers RAM data 
to E 2 PROM. Built-in protective circuitry prevents spurious 
writes of unstable data during power fluctuations. 

NVRAM comes in 128- to 512-byte packages, enough for 
most critical storage applications. It is used for secure stor- 
age of small amounts (128 to 512 bytes) of frequently al- 
tered data, such as system parameters, current operating 
status, data stack, and scratch-pad information. 

NVRAMs have a 10,000 cycle-per-byte minimum store 
endurance and at least 10 year data retention. 
Battery-backed static RAMs 

The most convenient alterable memory is static RAM. To 
make static RAM nonvolatile, a battery is added, either 
packaged with the RAM chip or on the circuit board. To 
prevent discharge, it is isolated from other board devices 
and powers the RAM only when system power is removed. 
During normal operation, the system’s supply powers the 
RAM and can trickle-charge rechargeable batteries. 

Battery-backed RAM requires special circuitry to inhibit 
chip select and write signals during power transitions. 

Battery-backed RAM does have some limitations: batter- 
ies have limited life spans and are sensitive to tempera- 
ture fluctuations. Nonrechargeable batteries used in bat- 
tery-backed RAM can last from several months to 10 years. 
But rechargeable batteries do develop discharge memory. 
Periodic equipment maintenance programs should include 
data back-up and battery replacement. 

Bubble memories 

Magnetic bubble memory is a form of nonvolatile mass 
memory that relies on magnetic domains in a thin magnet- 
ic film on a gallium gadolinium garnet substrate. External 
permanent magnets induce a bias field that shrinks the 
film’s magnetic domains into cylindrical bubbles. Data is 
written to the memory by creating or destroying bubbles. 


V CC V CC 



Fig. 1: A masked ROM is programmed by the manufacturer in 
the final metalization step. Individual transistors are connect- 
ed or disconnected to encode Is and Os. 



Fig. 2: A single storage cell in a bipolar PROM is user-pro- 
grammed by blowing an internal fuse. 

Wire coils surrounding the substrate produce a rotating 
magnetic field that moves bubbles along data loops. A 
maze of magnetic chevrons on the thin film forms memory 
cells that separate and guide bubbles as they move. Dur- 
ing read operations, sensors detect bubbles as they pass. 

While relatively expensive, bubble memory is the only 
choice when nonvolatile mass storage is required in harsh 
environments, space-constrained systems, or systems that 
cannot tolerate disk crashes. One- and 4-megabit bubble 
memory packages can be combined to form complete disk 
drive emulators. Ready- to-install PC compatible expan- 
sion cards are also available. 

Typical densities 

A few years ago, 4K bytes of nonvolatile memory and 
small quantities (128 bytes) of RAM were sufficient for 
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Fig. 3: An E 2 PROM memory cell is programmed by trapping 
charge in the gate structure of a transistor. The charge can be 
electrically removed. 




Fig. 4: An NVRAM contains both a standard RAM and an 
E 2 PR0M; data is written into the RAM during system opera- 
tion, then stored in the E 2 PR0M on power-down. When power 
is restored, the data is loaded from E 2 PROM to RAM. 


most control applications. A single chip could contain the 
microcontroller and this small memory. Today it is not un- 
usual to find controllers connected to 8K or even 64K byte 
NVM arrays. In fact, some applications use 16-bit proces- 
sors not for their power but for additional address lines. 

Nonvolatile memories come in densities-per-package 
that range from 128 bytes to as much as 512K bytes. ROMs 
and EPROMs have the highest densities. Both can accom- 
modate densities up to 1 megabit (131,072 bytes). 
NVRAMs, PROMs, and E 2 PROMs have lower densitiesjtheir 
applications, however, are usually less memory intensive. 
Comparing the alternatives 

Each nonvolatile memory type fits specific application 
needs depending on its particular characteristics and limi- 
tations. Memory-related variables include unit quantity 
(present and future), application, software and hardware 
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overhead, data security, available board space, package 
style, and programming ease. Manufacturing-related 
variables include production quantities, upgrade frequen- 
cy, inventory logistics, service needs, code stability, and 
cost. Further, the particular application will determine 
the proportion of read-only and alterable memory amounts 
required. General purpose computers may require less 
than 1% of the total memory to be nonvolatile. In control 
systems, however, NVM may comprise over 98% of total 
memory -mostly ROM or EPROM with E 2 PROM, NVRAM, 
and RAM in lesser amounts. Keep in mind that device cost 
is only part of a nonvolatile memory’s cost effectiveness. 

Weighing NVM costs 

Device costs are directly related to die size and manufac- 
turing technology. Simple devices, such as ROMs, EPROMs, 
and E 2 PROMs, have very low cost-per-bit. More complex 
memories — NVRAM, RAM, and bubbles— have fewer bits 
per die area and more complicated manufacturing process- 
es. These memories have much higher per-bit costs. 

Per-bit costs should not be confused with cost effective- 
ness, however, since other factors enter into the equation. 
ROMs are the lowest cost-per-bit memories, but only for 
high-volume productions, and only if code crashes 
(firmware that outgrows a memory chip’s capacity) and 
firmware errors do not occur. Frequently, firmware errors 
are discovered after system production begins; their likeli- 
hood increases as codes become longer and more complex. 
A severe error could require costly scrapping of an entire 
stock of ROMs; in this case, EPROMs can be more cost-effec- 
tive. They offer erasability, on-the-spot programmability, 
and a single-device inventory. Since production EPROMs 
are usually programmed only once, plastic DIP EPROMs 
can be used to decrease costs even further. 

If EPROMs are erased and reprogrammed in a field appli- 
cation, the EPROM must be replaced. Returned EPROMs 
are cleaned, erased, reprogrammed, inventoried, and re- 
stocked. These maintenance costs could probably be de- 
ferred by using E 2 PROMs. Because E 2 PROMs are in-circuit 
reprogrammable, new code can be downloaded via modem, 
eliminating the need for a service call. 

Battery-backed RAM is initially less expensive than 
E 2 PROM or NVRAM, and it can be cost effective in properly 
maintained systems. However, battery failure wipes out 
stored memory and requires servicing to replace the bat- 
tery and reestablish destroyed data. 

Initial costs, software and hardware overhead costs, 
code failure costs, and maintenance costs should all be 
evaluated when considering nonvolatile memory alterna- 
tives. The NVM that provides the lowest system life-cycle 
cost will be the most cost-effective memory. ■ 

About the author 
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Flash Memories 
(Electrically Erasable and 
Reprogrammable Non-Volatile 
Memories) 




Intel* 

FLASH 

A NEW WAY TO DEAL WITH MEMORY 


Computers use memory to perform several functions — 
backup storage, executable code storage, and data ma- 
nipulation. Today, in systems where the code changes, 
RAM is used to serve the function of code storage for 
execution by the processor. RAM also serves the pur- 
pose of allowing data manipulation in the same technol- 
ogy. Since DRam is voiatiie, mass storage or Dattery- 
backed SRAM is used to provide nonvolatility. A small 
amount of ROM/EPROM also provides the storage 
technology to start computers (direct executable and 
nonvolatile). 

A relatively new semiconductor technology, called 
flash memory, stands to fundamentally change this sce- 
nario. Because of its true nonvolatility, electrical eras- 
ability and low cost, flash memory is regarded as an 
ideal memory for embedded applications requiring code 
or data updates. And so it is. However, because of its 
inherent performance and cost characteristics and re- 
cent third-party software developments, flash memory 
is also the technology that will reshuffle the existing 
memory hierarchy within portable reprogrammable ap- 
plications more dramatically than any other. 

WHAT IS FLASH MEMORY? 

At the semiconductor technology level, Intel’s 
ETOXTM (EPROM tunnel oxide) flash memory is 
based on a single-transistor EPROM cell. As such, 
flash memory is nonvolatile, meaning that it retains 
its contents even if power is removed. This is in con- 
trast to volatile memory technologies like static and dy- 
namic RAMs that require continuous power to store 
information. Flash memory’s cell structure and 
EPROM foundation also ensure that it is extremely 
cost-effective to manufacture, continually scalable to 


higher densities (Figure 1), and highly reliable — a com- 
bination of characteristics other semiconductor memo- 
ry technologies currently lack. 

In contrast to EPROMs, however, which can only be 
erased through exposure to ultraviolet light, the flash 
memory array is eiectricaiiy erasable — in buik. This 
distinguishes it from traditional EEPROMs (electrical- 
ly erasable programmable read-only memory) that are 
by definition byte-alterable; the flash memory erase 
function empties the entire device all at once (the de- 
vice can be programmed incrementally, however — an 
important capability for PC applications that require 
frequent data/file updates). EEPROM technology’s 
byte-alterability, truly needed in a very small number of 
applications, comes at a high price in terms of cell com- 
plexity, limited density and questionable reliability 
(Figure 2). 



Intel 

ETOXtm Flash 

EEPROM 

Transistors 

1 

2 

Cell Size 

(1 -Micro Lithography) 

15/x 

38/i 

Cycling Failures 

0.1% 

5% 


Figure 2 


Lastly, unlike competitive approaches to flash memory, 
Intel’s ETOX process produces devices that can be cy- 
cled, or erased and reprogrammed, hundreds of thou- 
sands of times without fail. Again, this is a unique and 
essential capability within reprogrammable applications 
where files are updated frequently. 
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In simple terms, therefore, flash memory is a cost-effec- 
tive, highly reliable read/write nonvolatile memory. 
Functionally, since it is random-access, flash memory 
can also be considered a nonvolatile RAM — making it 
an ideal medium for both program code (application 
software) and data (user file) storage within a wide vari- 
ety of computer systems. As portable systems continue 
to be impeded by the limitations of more established 
memory technologies, designers will undoubtedly rec- 
ognize the unique performance and technology advan- 
tages provided by flash technology. 


THE IMPETUS BEHIND THE 
SOLID-STATE’ DISK 

Because the disk-based PC is so prevalent and eminent- 
ly familiar to both designers and end users, many of 
today’s portable systems still rely on this memory con- 
figuration as their primary media. At the same time, 
disk drive manufacturers have made great strides 
toward improving the reliability, size and performance 
of their systems, as well as the disk media themselves. 

Yet the disk drive is an electro-mechanical system with 
inherent limitations. Any mechanical system is much 
more vulnerable to the shock, vibration and impurities 
that portable computers are likely to encounter during 
normal use than solid-state, semiconductor technolo- 
gies which have no moving parts. The drive also typi- 
cally requires anywhere from 3 watts to as many as 


8 watts of power to run — which means a rapid drain of 
a portable system’s batteries. Compare this to a flash- 
based disk that uses just 0.5 watt. In fact, the disk 
drive’s power drain can be so rapid that many batteries 
used in today’s portable computers last only a couple of 
hours during normal usage. Needless to say, this repre- 
sents a severe hindrance to the average user who may 
not have ready access to a power outlet, backup batter- 
ies or a battery charger. 

Additional shortcomings of disk drives are their size, 
weight and floor costs. The size of the mechanical ele- 
ments required to physically run a drive, as well as the 
support components and the casing, can be reduced 
only a finite amount and still be operable. Similarly, the 
cost of the hardware also has finite limits that, in low- 
density configurations sufficient for portable PC appli- 
cations, can add substantial overhead to overall system 
cost (Figure 3). 

From a performance standpoint, disk-based systems 
still require some form of supplementary memory that 
is directly executable. Typically, this takes the form of a 
RAM cache: Data from the disk is downloaded into the 
cache before users can access the information. Then 
when a save operation is desired, the data is uploaded 
from RAM back onto the disk. This download/upload 
process slows down system throughput while the re- 
dundant memory media produce even more system 
overhead in the form of added space, power consump- 
tion and weight (Figure 4). 
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Figure 3 



Disk/DRAM 

Flash 

Average Seek Time 

28.0 ms 

0 

Latency 

8.3 ms 

0 

Data Transfer Rate 

Read: 

Write: 

8 Mbits/Sec. 

8 Mbits/Sec. 

. . . Now Read from RAM 

106.7 Mbits/Sec. 

1 Mbit/Sec. 

Direct Processor Access 

Total Time to Access 
(1 kByte File) 

37.3 ms 

0.077 ms 


Figure 4 
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WHY NOT STATIC RAMs? 

On the surface, static RAMs seem to be well-suited as a 
solid-state memory alternative to disk/DRAM systems. 
Static RAM is a very fast read/write technology ideal 
for direct execution. And to provide nonvolatility, stat- 
ic RAMs can be designed with battery-backup. 

However, static RAM’s high-speed performance comes 
at a high cost in terms of silicon technology. Static 
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one bit of information, increasing the silicon area, con- 
straining the achievement of higher densities, and in- 
creasing cost. 

Add to this the fact that batteries, no matter how ad- 
vanced, will fail in time. Some elaborate system-level 
schemes have been devised to warn users when the bat- 
tery is running low, or to power-down those system 
features not in use at a given time. Nevertheless, batter- 
ies make static RAM-based systems vulnerable to loss 
of data at inopportune or even critical moments. Plus, 
the battery adds space and weight to a system — attri- 
butes that are increasingly precious as systems are de- 
signed to be smaller and lighter. 


SOFTWARE DEVELOPMENTS 
POSITION FLASH FOR PORTABLE 
APPLICATIONS 

Even if from a hardware standpoint flash out-performs 
disk-based systems, is it realistic to expect that flash 
memory could truly replace disk drives? After all, flash 
technology has distinctly different performance attri- 
butes than disks . . . attributes that might seem to pre- 
clude its use with the huge existing software base that 
was developed with disk execution in mind. In fact, the 
majority of today’s personal computers and supporting 
software programs are designed to run using Microsoft 
Corp.’s MS-DOS* disk operating system. MS-DOS was 
developed to optimize the serial performance character- 
istics of disk drives and allow broad-based compatibil- 
ity between systems and software. Through its adoption 
by most major computer manufacturers and software 
developers, it has become the personal computer indus- 
try’s de facto operating system standard. Attempting to 
change this scenario to accommodate the advent of 
flash memory would be a formidable task. 

Fortunately, it is not necessary. Thanks to recent soft- 
ware developments by Microsoft, flash memory can ef- 
fectively serve as the main memory within portable 
PCs, providing user functions virtually identical to, and 
even improved over, those of disk-based systems. 


Specifically, two recent developments allow this 
achievement: DOS in a ROM-executable form (DOS 
was formerly designed to be stored on disk and then 
downloaded to/executed out of RAM); and a file sys- 
tem designed for Intel’s flash technology that allows the 
devices to perform block erasures. 

ROM-executable DOS provides several benefits to both 
system manufacturers and ultimately end users. First, 
since most of the operating system is composed of fixed 
code, the amount of system RAM reouir**^ tn pymitp 
DOS is reduced from 50k to 15k, thereby conserving 
system space and power. Secondly, since DOS can now 
be permanently stored in and executed from a single 
ROM-type of device (such as flash memory) within the 
system, floppy disks are eliminated as well as the need 
for dealer or end-user DOS installation: Systems come 
ready to run. Lastly, users enjoy “instant-on” perform- 
ance since the traditional disk-to-DRAM boot function 
and software downloading steps are eliminated. 

Since erasing and writing data to flash memory is a 
distinctly different operation than rewriting informa- 
tion to a disk, new software techniques were necessary 
to allow flash to emulate disk functionality. Microsoft’s 
flash file system was developed to fill this need. The 
block erase capability provided by the flash file system, 
developed specifically to optimize the read/write char- 
acteristics of Intel’s ETOX flash technology, allows us- 
ers to store and retrieve data or applications programs 
exactly as they would from a conventional disk drive. 
In fact, the only difference that a user might perceive is 
that program and file access is much faster with a sys- 
tem based on flash memory than one based on tradi- 
tional disk and RAM. 

Yet another emerging software development is a modi- 
fication of the basic input/output system, or BIOS soft- 
ware, found in every PC, so that it may be stored in 
flash memory. Currently, BIOS programs are typically 
stored in ROMs or EPROMs. Once the BIOS program 
code is burned into the ROM or programmed into the 
EPROM, it cannot be changed for the lifetime of the 
computer without completely disassembling the system 
and physically removing the ROM or UV-erasing the 
EPROM. Flash memory’s electrical erasure allows sys- 
tem BIOS to be easily updated by the system manufac- 
turer, a dealer, software developer or end user simply 
by downloading a new BIOS program from a floppy 
disk or over a modem. 

Updatable BIOS introduces a number of novel capabili- 
ties to each party. System manufacturers can easily ac- 
commodate last-minute changes to the BIOS software 


•Microsoft and MS-DOS are registered trademarks of Microsoft Corporation. 
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as revisions are made. They can also tailor their systems 
at the very end of the manufacturing process to accom- 
modate different configurations or peripheral equip- 
ment. 

Flash memory provides a BIOS software developer the 
ability to upgrade the program to accommodate emerg- 
ing disk formats, such as 2.5" or optical, or new screen 
and keyboard options. Upgrades are made available to 
the OEM, who can then easily and immediately pro- 
gram subsequent systems with the latest revision. Simi- 
larly, even after a computer is purchased and in use, the 
end user can be sent a floppy disk containing the updat- 
ed BIOS. With a few keystrokes, users can update their 
system’s flash memory-resident BIOS program — a ca- 
pability never before possible or cost-effective. 

Sophisticated end users themselves may want to take 
advantage of the ability to update the BIOS as they add 
or change disk configurations or formats, screens or 
keyboards. No longer are they locked into the con- 
straints of their initial system; they may enjoy a new 
level of system upgrade flexibility and performance 
achievement that will extend the lifetime and usefulness 
of a basic system. 


CONCLUSION 

Intel flash memory presents an entirely new personal 
computer memory technology alternative. As a high- 
density, nonvolatile read/write semiconductor technol- 
ogy, it is exceptionally well-suited to serve as a solid- 
state disk drive or a cost-effective and highly reliable 
replacement for battery-backed static RAMs. Its inher- 
ent advantages over these technologies make it particu- 


larly useful in portable systems that require the utmost 
in low power, compact size and durability while main- 
taining high performance and full functionality. 

Flash memory offers: 

— Inherent Non volatility: Unlike static RAMs, no 
backup battery is required to ensure data retention. 
Nor is a disk required as backup storage to dynamic 
RAM. 

— Cost-Effective High Density: Intel 1 megabit flash 
memories cost less than half that of static RAMs on 
a per-bit basis, not even including the' added cost 
and space of a battery. Their cost is only slightly 
higher than equivalent dynamic RAMs, yet they 
don’t require the added cost and space of auxiliary 
(disk) memory. 

— Directly Executable: Since no disk-to-RAM down- 
load step, seek or latency times are incurred with 
flash memory, users enjoy significantly higher- 
speed program and file access as well as systems 
that turn on instantly. 

— Solid-State Performance: As a semiconductor tech- 
nology, flash memory is low-power, compact and 
has no moving parts. Portable computers need no 
longer drain the battery to run the disk drive motor, 
or accommodate the disk assembly’s added bulk 
and weight. Nor must users be threatened with the 
possibility of a disk crash when the going gets 
rough. 

When weighed against alternative technologies, it is 
clear that flash memory reshuffles the traditional mem- 
ory hierarchy and possesses the attibutes needed to im- 
prove established memory usage techniques. 
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W 28F256A 

256K (32K x 8) CMOS FLASH MEMORY 


■ Flash Electrical Chip-Erase 

— 1 Second Typical Chip-Erase 

■ Quick-Pulse Programming™ Algorithm 

— 10 fis Typical Byte-Program 

— 0.5 Second Chip-Program 

■ 10,000 Erase/Program Cycles Minimum 

■ 12.0V ±5% V PP 

■ High-Performance Read 

— 120 ns Maximum Access Time 

■ CMOS Low Power Consumption 

— 10 mA Typical Active Current 

— 50 ju,A Typical Standby Current 

— 0 Watts Data Retention Power 

m Integrated Program/Erase Stop Timer 


■ Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

m Noise Immunity Features 

— ± 10% Vqc Tolerance 

— Maximum Latch-Up Immunity 

jli rni r> _ 

ii ii uuui i tri riui/coomy 

m ETOX™ II Flash Nonvolatile 
Technology 

— EPROM-Compatible Process Base 
— High-Volume Manufacturing 
Experience 

m JEDEC-Standard Pinouts 
-32-Pin Cerdip 

— 32-Lead PLCC 

(See Packaging Spec., Order #231369) 


Intel’s 28F256A CMOS flash memory offers the most cost-effective and reliable alternative for read/write 
random access nonvolatile memory. The 28F256A adds electrical chip-erasure and reprogramming to familiar 
EPROM technology. Memory contents can be rewritten: in a test socket; in a PROM-programmer socket; on- 
board during subassembly test; in-system during final test; and in-system after-sale. The 28F256A increases 
memory flexibility, while contributing to time and cost savings. 


The 28F256A is a 256-kilobit nonvolatile memory organized as 32,768 bytes of 8 bits. Intel’s 28F256A is 
offered in 32-pin plastic dip and 32-lead PLCC. Pin assignments conform to JEDEC standards. 

Extended erase and program cycling capability is designed into Intel’s ETOXtm || (EPROM Tunnel Oxide) 
process technology. Advanced oxide processing, an optimized tunneling structure, and lower electric field 
combine to extend reliable cycling beyond that of traditional EEPROMs. With the 12.0V Vpp supply, the 
28F256A performs a minimum of 10,000 erase and program cycles well within the time limits of the Quick- 

Pulse ProgrammingTM and Quick-EraseTM algorithms. 

Intel’s 28F256A employs advanced CMOS circuitry for systems requiring high-performance access speeds, 
low power consumption, and immunity to noise. Its 120 ns access time provides no-WAIT-state performance 
for a wide range of microprocessors and microcontrollers. Typical standby current of 50 /xA translates into 
power savings when the device is deselected. Finally, the highest degree of latch-up protection is achieved 
through Intel’s unique EPI processing. Prevention of latch-up is provided for stresses up to 100 mA on address 
and data pins, from -IV to Vcc + IV. 

With Intel’s ETOX II process base, the 28F256A levers years of EPROM experience to yield the highest levels 
of quality, reliability, and cost-effectiveness. 
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Figure 1. 28F256A Block Diagram 
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Figure 2. 28F256A Pin Configurations 
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Table 1. Pin Description 


Symbol 

Type 

Name and Function 

Ao-A -14 

INPUT 

ADDRESS INPUTS for memory addresses. Addresses are internally 
latched during a write cycle. 

DQ 0 -DQ 7 

INPUT/ 

OUTPUT 

DATA INPUT/OUTPUT: Inputs data during memory write cycles; outputs 
data during memory read cycles. The data pins are active high and float to 
tri-state OFF when the chip is deselected or the outputs are disabled. Data 
is internally latched during a write cycle. 

CE 

INPUT 

CHIP ENABLE activates the device’s control logic, input buffers, 
decoders, and sense amplifiers. CE is active low; CE high deselects the 
memory device and reduces power consumption to standby levels. 

OE 

INPUT 

OUTPUT ENABLE gates the devices output through the data buffers 
during a read cycle. OE is active low. 

WE 

INPUT 

WRITE ENABLE controls writes to the control register and the array. Write 
enable is active low. Addresses are latched on the falling edge and data is 
latched on the rising edge of the WE pulse. Note: With Vpp < 6.5V, 
memory contents cannot be altered. 

Vpp 


ERASE/PROGRAM POWER SUPPLY for writing the command register, 
erasing the entire array, or programming bytes in the array. 

Vcc 


DEVICE POWER SUPPLY (5V ± 10%). 

Vss 


GROUND. 

NC 


NO INTERNAL CONNECTION to device. Pin may be driven or left floating. 


APPLICATIONS 

The 28F256A flash memory provides nonvolatility 
along with the capability to typically perform over 
100,000 electrical chip-erasusre/reprogram cycles. 
These features make the 28F256A an innovative al- 
ternative to disk, EEPROM, and battery-backed stat- 
ic RAM. Where periodic updates of code and data- 
tables are required, the 28F256A’s reprogrammabili- 
ty and nonvolatility make it the obvious and ideal 
replacement for EPROM. 

Primary applications and operating systems stored 
in flash eliminate the slow disk-DRAM download pro- 
cess. This results in a dramatic enhancement of per- 
formance and substantial reduction of power con- 
sumption — considerations particularly important in 
portable equipment. Flash memory increases flexi- 
bility with electrical chip-erasure and in-system up- 
date capability of operating systems and application 
code. With updatable BIOS, system manufacturers 
can easily accommodate last-minute changes as re- 
visions are made. 

In diskless workstations and terminals, network traf- 
fic reduces to a minimum and systems become in- 
stant-on. Reliability exceeds that of electromechani- 


cal media. Often in these environments, power inter- 
rupts force extended re-boot periods for all net- 
worked terminals. This mishap is no longer an issue 
if boot code, operating systems, communications 
protocols and primary applications are flash-resident 
in each terminal. 

For embedded systems that rely on dynamic RAM/ 
disk for main system memory or nonvolatile backup 
storage, the 28F256A provides higher, performance, 
lower power consumption, instant-on capability, and 
allows an "execute in place” memory hierarchy for 
code and data table reading. Additionally, the flash 
memory is more rugged and reliable in harsh envi- 
ronments where extreme temperatures and shock 
can cause disk-based systems to fail. 

The need for code updates pervades all phases of a 
system’s life — from prototyping to system manufac- 
turing to after-sale service. The electrical chip-era- 
sure and reprogramming ability of the 28F256A al- 
lows in-circuit alterability; this eliminates unneces- 
sary handling and less-reliable socketed connec- 
tions, while adding greater test, manufacture, and 
update flexibility. 

Material and labor costs associated with code 
changes increases at higher levels of system inte- 
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gration — the most costly being code updates after 
sale. Code “bugs”, or the desire to augment system 
functionality, prompt after-, sale code updates. Field 
revision to EPROM-based code requires the remov- 
al of EPROM components or entire boards. With the 
28F256A, code updates are implemented locally via 
an edge-connector, or remotely over a communica- 
tions link. 

For systems currently using a high-density static 
RAM/battery configuration for data accumulation, 
flash memory’s inherent nonvolatility eliminates the 
need for battery backup. The concern for battery 
failure no longer exists, an important consideration 
for portable equipment and medical instruments, 
both requiring continuous performance. In addition, 
flash memory offers a considerable cost advantage 
over static RAM. 


Flash memory’s electrical chip-erasure, byte pro- 
grammability and complete nonvolatility fit well with 
data accumulation and recording needs. Electrical 
chip-erasure gives the designer a “blank slate” in 
which to log or record data. Data can be periodically 
off-loaded for analysis and the flash memory erased 
producing a new “blank slate”. 

A high degree of on-chip feature integration simpli- 
fies memory-to-processor interfacing. Figure 3 de- 
picts two 28F256AS tied to the 80C186 system bus. 
The 28F256A’s architecture minimizes interface cir- 
cuitry needed for complete in-circuit updates of 
memory contents. 



Figure 3. 28F256As in a 80C186 System 
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With cost-effective in-system reprogramming, ex- 
tended cycling capability, and true nonvolatility, the 
28F256A is a functional superset of one or more of 
the alternatives: EPROMs, EEPROMs, battery 
backed static RAM, or disk. EPROM-compatible 
read specifications, straightforward interfacing, and 
in-circuit alterability offer designers unlimited flexibili- 
ty to meet the high standards of today’s designs. 


PRINCIPLES OF OPERATION 

Flash memory augments EPROM functionality with 
in-circuit electrical erasure and reprogramming. The 
28F256A introduces a command register to manage 
this new functionality. The command register allows 
for: 100% TTL-level control inputs; fixed power sup- 
ply during erasure and programming; and maximum 
EPROM compatibility. 

In the absence of high voltage on the Vpp pin, the 
28F256A is a read-only memory. Manipulation of the 
external memory-control pins yields the standard 
EPROM read, standby, output disable, and int e ligent 
Identifier™ operations. 

The same EPROM read, standby, and output disable 
operations are available when high voltage is ap- 
plied to the Vpp pin. In addition, high voltage on Vpp 
enables erasure and programming of the device. All 
functions associated with altering memory con- 
tents — int e ligent Identifier, erase, erase verify, pro- 
gram, and program verify — are accessed via the 
command register. 

Commands are written to the register using standard 
microprocessor write timings. Register contents 
serve as input to an internal state-machine which 
control the erase and programming circuitry. Write 
cycles also internally latch addresses and data 
needed for programming and erase operations. With 
the appropriate command written to the register, 
standard microprocessor read timings output array 
data, access the int e ligent Identifier codes, or output 
data for erase and program verification. 


Integrated Program/Erase Stop Timer 

Successive command write cycles define the dura- 
tion of program and erase operations; specifically, 
the program or erase time durations are normally 
terminated by associated program or erase verify 
commands. An integrated stop timer provides simpli- 
fied timing control over these operations; thus elimi- 
nating the need for maximum program/erase timing 
specifications. Programming and erase pulse dura- 
tions are minimums only. When the stop timer termi- 
nates a program or erase operation, the device en- 


ters an inactive state and remains inactive until re- 
ceiving the appropriate verify or reset command. 


Write Protection 

The command register is only active when Vpp is at 
high voltage. Depending upon the application, the 
system designer may choose to make the Vpp pow- 
er supply switchable — available only when memory 
updates are desired. When v'pp = Vpp|_, the con- 
tents of the register default to the read command, 
making the 28F256A a read-only memory. In this 
mode, the memory contents cannot be altered. 

Or, the system designer may choose to “hardwire” 
Vpp, making the high voltage supply constantly 
available. In this case, all Command Register func- 
tions are inhibited whenever Vqc is below the write 
lockout voltage V|_ko- (See Power Up/Down Protec- 
tion). The 28F256A is designed to accommodate ei- 
ther design practice, and to encourage optimization 
of the processor-memory interface. 


BUS OPERATIONS 


Read 


The 28F256A has two control functions, both of 
which must be logically active, to obtain data at the 
outputs. Chip-Enable (CE) is the power control and 
should be used for device selection. Output-Enable 
(OE) is the output control and should be used to 
gate data from the output pins, independent of de- 
vice selection. Refer to AC read timing waveforms. 

When Vpp is high (Vppn), the read operations can 
be used to access array data, to output the int e ligent 
Identifier codes, and to access data for program/ 
erase verification. When Vpp is low (VppO, the read 
operation can access only the array data. 



Output Disable 

With Output-Enable at a logic-high level (Vih), output 
from the device is disabled. Output pins are placed 
in a high-impedance state. 


Standby 

With Chip-Enable at a logic-high level, the standby 
operation disables most of the 28F256A’s circuitry 
and substantially reduces device power consump- 
tion. The outputs are placed in a high-impedance 
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state, independent of the Output-Enable signal. If 
the 28F256A is deselected during erasure, program- 
ming, or program/erase verification, the device 
draws active current until the operation is terminat- 
ed. 

int e ligent Identifier™ Operation 

The int e ligent Identifier operation outputs the manu- 
facturer code (89H) and device code (B9H). Pro- 
gramming equipment automatically matches the de- 
vice with its proper erase and programming algo- 
rithms. With Chip-Enable and Output-Enable at a 
logic low level, rising A g to high voltage Vid (see 
D.C. Characteristics) activates the operation. Data 
read from locations 0000H and 0001 H represent the 
manufacturer’s code and the device code, respec- 
tively. 

The manufacturer- and device-codes can also be 
read via the command register, for instances -where 
the 28F256A is erased and reprogrammed in the tar- 
get system. Following a write of 90H to the com- 
mand register, a read from address location 0000H 
outputs the manufacturer code (89H). A read from 
address 0001 H outputs the device code (B9H). 

Write 

Device erasure and programming are accomplished 
via the command register, when high voltage is ap- 


plied to the Vpp pin. The contents of the register 
serve as input to the internal state-machine. The 
state-machine outputs dictate the function of the de- 
vice. 

The command register itself does not occupy an ad- 
dressable memory location. The register is a latch 
used to store the command, along with address and 
data information needed to execute the command. 

The command register is written by bringing Write- 
Enable to a logic-low level (V||_), while Chip-Enable is 
low. Addresses are latched on the falling edge of 
Write-Enable, while data is latched on the rising 
edge of the Write-Enable pulse. Standard microproc- 
essor write timings are used. 

Refer to AC Write Characteristics and the Erase/ 
Programming Waveforms for specific timing parame- 
ters. 

COMMAND DEFINITIONS 

When low voltage is applied to the Vpp pin, the con- 
tents of the command register default to 00H, en- 
abling read-only operations. 

Placing high voltage on the Vpp pin enables read/ 
write operations. Device operations are selected by 
writing specific data patterns into the command reg- 
ister. Table 3 defines these 28F256A register com- 
mands. 


Table 2. 28F256A Bus Operations 


Pins 

Vpp(l) 

Ao 

A 9 

CE 

OE 

WE 

DQ 0 -DQ 7 

Operation 

READ-ONLY 

Read 

VppL 

A 0 

Ag 

V|L 

V|L 

V|H 

Data Out 

Output Disable 

Vppi 

X(7) 

X 

V|L 

V| H 

V|H 

Tri-State 

Standby 

VppL 

X 

X 

V|H 

X 

X 

Tri-State 

int e ligent ID Manufacturer^) 

VppL 

V|L 

V| D (3) 

V|L 

V|L 

V|H 

Data = 89H 

int e ligent ID Device( 2 ) 

VppL 

V|H 

V| D (3> 

V|L 

V|L 

V|H 

Data = B9H 

READ/ 

WRITE 

Read 



Ag 





Output Disable 

V PPH 

X 

X 

V|L 

V|H 

V|H 

Tri-State 

Standby* 5 ) 

Vpph 

X 

X 

V|H 

X 

X 

Tri-State 

Write 

V PPH 

Ao 

Ag 

V|L 

V|H 

V|L 

Data In ( 6 ) 


NOTES: 

1 . Refer to DC Characteristics. When Vpp = Vppi_ memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. 

Refer to Table 3. All other addresses low. 

3. Vid is the int e ligent Identifier high voltage. Refer to D.C. Characteristics. 

4. Read operations with Vpp = Vppp may access array data or the int e ligent Identifier codes. 

5. With Vpp at high voltage, the standby current equals Ice + Ipp (standby). 

6. Refer to Table 3 for valid Data-In during a write operation. 

7. X can be Vj|_ or Vm- 
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Table 3. Command Definitions 


Command 

Bus 

Cycles 

Req’d 

First Bus Cycle 

Second Bus Cycle 

Operation(i) 

Address( 2 ) 

Data( 3 ) 

Operation(i) 

Address( 2 ) 

Data( 3 ) 

Read Memory 

1 

Write 

X 

OOH 




Read int e ligent ID Codes 

3 

Write 

X 

90H 

Read 

(4) 

(4) 

Set-Up Erase/ Erased) 

2 

Write 

X 

20H 

Write 

X 

20 H 

Erase Verify( 6 ) 

2 

Write 

EA 

AOH 

Read 

X 

EVD 

Set-Up Program/Program( 5 ) 

2 

Write 

X 

40H 

Write 

PA 

PD 

Program Verify( 5 ) 

2 

Write 

X 

COH 

Read 

X 

PVD 

Reset( 7 ) 

2 

Write 

X 

FFH 

Write 

X 

FFH 


NOTES: 

1. Bus operation are defined in Table 2. 

2. IA = Identifier address: OOH for manufacturer code, 01 H for device code. 

EA = Address of memroy location to be read during erase verify. 

PA = Address of memory location to be programmed. 

Addresses are latched on the falling edge of the Write-Enable pulse. 

3. ID = Data read from location IA during device identification. (Mfr = 89H, Device = B9H). 

EVD = Data read from location EA during erase verify. 

PD = Data to be programmed at location PA. Data is latched on the rising edge of the Write-Enable. 
PVD = Data read from location PA during program verify. PA is latched on the Program command. 

4. Following the Read int e ligent ID command, two read operations access manufacturer and device codes. 

5. Figure 4 illustrates the Quick-Pulse Programming Algorithm. 

6. Figure 5 illustrates the Quick-Erase Algorithm. 

7. The second bus cycle must be followed by the desired command register write. 


Read Command 

While Vpp is high, for erasure and programming, 
memory contents can be accessed via the read 
command. The read operation is initiated by writing 
OOH into the command register. Microprocessor 
read cycles retrieve array data. The device remains 
enabled for reads until the command register con- 
tents are altered. 

The default contents of the register upon Vpp pow- 
er-up is OOH. This default value ensures that no spu- 
rious alternation of memory contents occurs during 
the Vpp power transition. Where the Vpp supply is 
hard-wired to the 28F256A, the device powers-up 
and remains enabled for reads until the command 
register contents are changed. Refer to the AC 
Read Characteristics and Waveforms for specific 
timing parameters. 


int e ligent Identifier™ Command 

Flash memories are intended for use in applications 
where the local CPU alters memory contents. As 
such, manufacturer- and device-codes must be ac- 
cessible while the device resides in the target sys- 
tem. PROM programmers typically access signature 
codes by raising Ag to a high voltage. However, mul- 


tiplexing high voltage onto address lines is not a de- 
sired system-design practice. 


The 28F256A contains an int e ligent Identifier opera- 
tion to supplement traditional PROM-programming 
methodology. The operation is initiated by writing 
90H into the command register. Following the com- 
mand write, a read cycle from address 0000H re- 
trieves the manufacturer code 89H. A read cycle 
from address 0001 H returns the device code B9H. 
To terminate the operation, it is necessary to write 
another valid command into the register. 



Set-Up Erase/Erase Commands 

Set-up Erase is a command-only operation that 
stages the device for electrical erase of all bytes in 
the array. The set-up erase operation is performed 
by writing 20H to the command register. To com- 
mence chip-erasure, the erase command (20H) 
must again be written to the register. The erase op- 
eration begins with the rising edge of the Write-En- 
able pulse and terminate with the rising edge of the 
next Write-Enable pulse (i.e., Erase-Verify Com- 
mand). 

This two-step sequence of set-up followed by execu- 
tion ensures that memory contents are not acciden- 
tally erased. Also, chip-erasure can only occur when 
high voltage is applied to the Vpp pin. In the absence 
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of this high voltage, memory contents are protected 
against erasure. Refer to AC Erase Characteristics 
and Waveforms for specific timing parameters. 


Erase-Verify Command 

The erase command erases all of the bytes of the 
array in parallel. After each erase operation, all bytes 
must be verified. The erase verify operation is initiat- 
ed by writing AOH into the command register. The 
address for the byte to be verified must be supplied 
as it is latched on the falling edge of the Write-En- 
able pulse. The register write terminates the erase 
operation with the rising edge of its Write-Enable 
pulse. 

The 28F256A applies an internally-generated margin 
voltage to the addressed byte. Reading FFH from 
the addressed byte indicates that all bits in the byte 
are erased. 

The erase-verify command must be written to the 
command register prior to each byte verification to 
latch its address. The process continues for each 
byte in the array until a byte does not return FFH 
data, or the last address is accessed. 

In the case where the data read is not FFH, another 
erase operation is performed. (Refer to Set-Up 
Erase/Erase.) Verification then resumes from the 
address of the last-verified byte. Once all bytes in 
the array have been verified, the erase step is com- 
plete. The device can be programmed. At this point, 
the verify operation is terminated by writing a valid 
command (e.g., Program Set-Up) to the command 
register. Figure 5, the Quick-Erase algorithm, illus- 
trates how commands and bus operations are com- 
bined to perform electrical erasure of the 28F256A. 
Refer to AC Erase Characteristics and Waveforms 
for specific timing parameters. 


Set-Up Program/Program Commands 

Set-up program is a command-only operation that 
stages the device for byte programming. Writing 40H 
into the command register performs the set-up oper- 
ation. 

Once the program set-up operation is performed, 
the next Write-Enable pulse causes a transition to 
an active programming operation. Addresses are in- 
ternally latched on the falling edge of the Write-En- 
able pulse. Data is internally latched on the rising 
edge of the Write-Enable pulse. The rising edge of 
Write-Enable also begins the programming opera- 
tion. The programming operation terminates with the 
next rising edge of Write-Enable, used to write the 


program-verify command. Refer to AC Programming 
Characteristics and Waveforms for specific timing 
parameters. 


Program Verify Command 

The 28F256A is programmed on a byte-by-byte ba- 
sis. Byte programming may occur sequentially or at 
random. Following each programming operation, the 
byte just programmed must be verified. 

The program-verify operation is initiated by writing 
COH into the command register. The register write 
terminates the programming operation with the ris- 
ing edge of its Write-Enable pulse. The program-ver- 
ify operation stages the device for verification of the 
byte last programmed. No new address information 
is latched. 

The 28F256A applies an internally-generated margin 
voltage to the byte. A microprocessor read cycle 
outputs the data. A successful comparison between 
the programmed byte and true data means that the 
byte is successfully programmed. Programming then 
proceeds to the next desired byte location. Figure 4, 
the 28F256A Quick-Pulse Programming algorithm, il- 
lustrates how commands are combined with bus op- 
erations to perform byte programming. Refer to AC 
Programming Characteristics and Waveforms for 
specific timing parameters. 


Reset Command 

A reset command is provided as a means to safely 
abort the erase- or program-command sequences. 
Following either set-up command (erase or program) 
with two consecutive writes of FFH will safely abort 
the operation. Memory contents will not be altered. 
A valid command must then be written to place the 
device in the desired state. 


EXTENDED ERASE/PROGRAM 
CYCLING 

EEPROM cycling failures have always concerned 
users. The high electrical field required by thin oxide 
EEPROMs for tunneling can literally tear apart the 
oxide at defect regions. To combat this, some sup- 
pliers have implemented redundancy schemes, re- 
ducing cycling failures to insignificant levels. Howev- 
er, redundancy requires that cell size be doubled — 
an expensive solution. 

Intel has designed extended cycling capability into 
its ETOX II flash memory technology. Resulting im- 
provements in cycling reliability come without in- 
creasing memory cell size or complexity. First, an 
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advanced tunnel oxide increases the charge carry- 
ing ability ten-fold. Second, the oxide area per cell 
subjected to the tunneling electric field is one-tenth 
that of common EEPROMs, minimizing the probabili- 
ty of oxide defects in the region. Finally, the peak 
electric field during erasure is approximately 
2 MV/cm lower then EEPROM. The lower electric 
field greatly reduces oxide stress and the probability 
of failure — increasing time to wear out by a factor of 
100,000,000. 

The 28F256A is specified for a minimum of 10,000 
program/erase cycles. The device is programmed 
and erased using Intel’s Quick-Pulse Programming 
and Quick-Ease algorithms. Intel’s algorithmic ap- 
proach uses a series of operations (pulses), along 
with byte verification, to completely and reliably 
erase and program the device. 

For further reliability information, see Reliability Re- 
port RR-60 (ETOX II Reliability Data Summary). 


QUICK-PULSE PROGRAMMINGtm 
ALGORITHM 

The Quick-Pulse Programming algorithm uses pro- 
gramming operations of 10 jus duration. Each opera- 
tion is followed by a byte verification to determine 
when the addressed byte has been successfully pro- 
grammed. The algorithm allows for up to 25 pro- 
gramming operations per byte, although most bytes 
verify on the first or second operation. The entire 
sequence of programming and byte verification is 


performed with Vpp at high voltage. Figure 4 illus- 
trates the Quick-Pulse Programming algorithm. 


QUICK-ERASE™ ALGORITHM 

Intel’s Quick-Erase algorithm yields fast and reliable 
electrical erasure of memory contents. The algo- 
rithm employs a closed-loop flow, similar to the 
Quick-Pulse Programming algorithm, to simulta- 
neously remove cnarge from aii bits in the array. 
Erasure begins with a read of memory contents. The 
28F256A is erased when shipped from the factory. 
Reading FFH data from the device would immedi- 
ately be followed by device programming. 

For devices being erased and reprogrammed, uni- 
form and reliable erasure is ensured by first pro- 
gramming all bits in the device to their charged state 
(data = 00H). This is accomplished, using the 
Quick-Pulse Programming algorithm, in approxi- 
mately one-half second. 

Erase execution then continues with an initial erase 
operation. Erase verification (data = FFH) begins at 
address 0000H and continues through the array to 
the last address, or until data other than FFH is en- 
countered. With each erase operation, an increasing 
number of bytes verify to the erased state. Erase 
efficiency may be improved by storing the address of 
the last byte verified in a register. Following the next 
erase operation, verification starts at that stored ad- 
dress location. Erasure typically occurs in one sec- 
ond. Figure 5 illustrates the Quick-Erase algorithm. 
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Bus 

Operation 

Command 

Comments 

Standby 


Wait for Vpp ramp 
to Vppn ( = 12.0V) (1) 

Initialize pulse-count 

Write 

Set-Up 

Program 

Data = 40H 

Write 

Program 

Valid address/data 

Standby 


Duration of Program 
operation (t W HWHi) 

Write 

Program^) 

Data = COH; Stops (3) 


Verify 

Program Operation 

Standby 


tWHGL 

Read 


Read byte to verify 
programming 

Standby 


Compare data output 



to data expected 

Write 

Read 

Data = 00 H, resets the 
register for read 
operations. 

Standby 


Wait for Vpp ramp 
to V PPL (1) 
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NOTES: 

1 . See DC Characteristics for the value of Vppn and Vppi_. 

2. Program Verify is only performed after byte program- 
ming. A final read/compare may be performed (optional) 
after the register is written with the Read command. 

3. Refer to principles of operation. 

4. CAUTION: The algorithm MUST BE FOLLOWED to en- 
sure proper and reliable operation of the device. 

Figure 4. 28F256A Quick-Pulse ProgrammingTM Algorithm 
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NOTES: 

1 . See DC Characteristics for the value of Vppn and Vpp[_. 

2. Erase Verify is performed only after chip-erasure. A final 
read/compare may be performed (optional) after the regis- 
ter is written with the Read command. 


Bus 

Operation 

Command 

Comments 

Standby 


Wait for Vpp ramp 
to Vppn ( = 12.0V) (1) 
Use Quick-Pulse 
Programming (Fig. 4) 



Initialize Addresses, 
Erase Pulse Width, 
and Pulse Count 

Write 

Set-Up 

Erase 

Data = 20H 

Write 

Erase 

Data = 20H 

Standby 


Duration of Erase 
operation (twHWH2> 

Write 

Erase 

Addr = Byte to verify; 


Verify( 2 ) 

Data = AOH; Stops 
Erase Operation (3) 

Standby 


tWHGL 

Read 


Read byte to verify 



erasure 

Standby 


Compare output to FFH 
increment pulse count 

Write 

Read 

Data = 00H, resets the 
register for read 
operations. 

Standby 


Wait for Vpp ramp 
to Vp PL (1) 


3. Refer to principles of operation. 

4. CAUTION: The algorithm MUST BE FOLLOWED to en- 
sure proper and reliable operation of the device. 


Figure 5. 28F256A Quick-Pulse™ Algorithm 
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DESIGN CONSIDERATIONS 
Two-Line Output Control 

Flash memories are often used in larger memory ar- 
rays. Intel provides two read-control inputs to ac- 
commodate multiple memory connections. Two-line 
control provides for: 

a. the lowest possible memory power dissipation, 
and 

b. complete assurance that output bus contention 
will not occur. 

To efficiently use these two control units, an ad- 
dress-decoder output should drive chip-enable, 
while the system’s read signal controls all flash 
memories and other parallel memories. This assures 
that only enabled memory devices have active out- 
puts, while deselected devices maintain the low 
power standby condition. 

Power Supply Decoupling 

Flash memory power-switching characteristics re- 
quire careful device decoupling. System designers 
are interested in three supply current (Ice) issues — 
standby, active, and transient current peaks pro- 
duced by falling and rising edges of chip-enable. The 
capacitive and inductive loads on the device outputs 
determine the magnitudes of these peaks. 

Two-line control, and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 juF ceramic capacitor 
connected between Vcc and Vss, and between Vpp 
and Vss- 

Place the high-frequency, low-inherent-inductance 
capacitors as close as possible to the devices. Also, 
for every eight devices, a 4.7 julF electrolytic capaci- 
tor should be placed at the array’s power supply 
connection, between Vcc and Vss- The bulk capaci- 
tor will overcome voltage slumps caused by printed- 
circuit-board trace inductance, and will supply 
charge to the smaller capacitors as needed. 


Vpp Trace on Printed Circuit Boards 

Programming flash memories, while they reside in 
the target smith, requires that the printed circuit 
board designer pay attention to the Vpp pin power 
supply trace. Use similar trace widths and layout 
considerations given the Vcc power bus. Adequate 
Vpp supply traces and decoupling will decrease Vpp 
voltage spikes and overshoots. 

Power Up/Down Protection 

The 28F256A is designed to offer protection against 
accidental erasure or programming during power 
transitions. Upon power-up, the 28F256A is indiffer- 
ent as to which power supply, Vpp or Vcc. powers 
up first. Power supply sequencing is not required. 
Internal circuitry in the 28F256A ensures that the 
command register is reset to the read mode upon 
power up. 

A system designer must guard against active writes 
for Vcc voltages above Vlko when Vpp is active. 
Since both WE and CE must be low for a command 
write, driving either to Vm will inhibit writes. The con- 
trol register architecture provides an added level of 
protection since alteration of memory contents only 
occurs after successful completion of the two-step 
command sequences. 

28F256A Power Dissipation 

When designing portable systems, designers must 
consider battery power consumption not only during 
device operation, but also for data retention during 
system idle time. Flash nonvolatility increases the 
usable battery life of your system because the 
28F256A does not consume any power to retain 
code or data when the system is off. Table 4 illus- 
trates the power dissipated when updating the 
28F256A. 


Table 4. 28F256A Typical Update Power Dissipation^) 


Operation 

Power Dissipation 
(Watt-Seconds) 

Notes 

Array Program/Program Verify 

0.043 

1 

Array Erase/ Erase Verify 

0.083 

2 

One Complete Cycle 

0.169 

3 


NOTES: 

1. Formula to calculate typical Program/Program Verify Power = [Vpp x # Bytes x typical # Prog Pulses (twHWHi x 
Ipp 2 typical + twHGL x lpP 4 typical)] + [Vcc x * Bytes x typical # Prog Pulses (twHWHi x Icc2 typical + twHGL x 
Icc 4 typical)]. 

2. Formula to calculate typical Erase/Erase Verify Power = [Vp P (lpp 3 typical x t E RASE typical + Ipps typical x twHGL x 
# Bytes)] + [V C c(lcc 3 typical x t E RA$E typical + Ices typical x t WH GL x * Bytes)]. 

3. One Complete Cycle = Array Preprogram + Array Erase + Program. 

4. “Typicals” are not guaranteed, but based on a limited number of samples from production lots. 
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ABSOLUTE MAXIMUM RATINGS* 


Operating Temperature 

During Read 

During Erase/Program . . . 

0°CtO +70°C(1) 

0°C to +70°C 

Temperature Under Bias 

— 10°C to +80°C 

Storage Temperature 

— 65°C to +125°C 

Voltage on Any Pin with 
Respect to Ground 

. ..-2.0V to +7.0VI2) 

Voltage on Pin Ag with 
Respect to Ground 

.-2.0V to +13.5V(2.3) 

Vpp Supply Voltage with 
Respect to Ground 

During Erase/ Program . . . 

..-2.0V to +14.0(2.3) 

Vcc Supply Voltage with 
Respect to Ground 

...-2.0Vto +7.0V(2) 

Output Short Circuit Current. 

100 mA( 4 ) 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings ” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions ” is not recommended and ex- 
tended exposure beyond the “Operating Conditions ” 
may affect device reliability. 


NOTES: 

1 . Operating temperature is for commercial product defined by this specification. 

2. Minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0 V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vcc +0.5V, which may overshoot to Vcc + 2.0V for periods less than 20 ns. 

3. Maximum DC voltage on Ag or Vpp may overshoot to + 14.0V for periods less than 20 ns. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 


OPERATING CONDITIONS 


Symbol 

Parameter 

Limits 

Unit 

Comments 

Min 

Max 

Ta 

Operating Temperature 

0 

70 

°C 

For Read-Only and 
Read/Write Operations 

Vcc 

Vcc Supply Voltage 

4.50 

5.50 

V 
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DC CHARACTERISTICS— TTL/NMOS COMPATIBLE 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typical 

Max 

'Ll 

Input Leakage Current 

1 



±1.0 

jllA 

Vcc = v cc max 

V|n = Vcc or Vss 

Ilo 

Output Leakage Current 

1 



±10.0 

JJ.A 

Vcc = v cc max 

VoUT = Vcc or Vgs 

•ccs 

Vcc Standby Current 

1 



1.0 

mA 

Vcc = Vccmax 

CE = V IH 

Icci 

V<x Active Read Current 

1 


10 

30 

mA 

Vcc = Vccmax CE = V !L 
f — 6 MHz, louT = 0 mA 

•CC2 

Vcc Programming Current 

1,2 


1.0 

10 

mA 

Programming in Progress 

>CC3 

Vcc Erasure Current 

1,2 


5.0 

15 

mA 

Erasure in Progress 

•CC4 

Vcc Program Verify Current 

1,2 


5.0 

15 

mA 

Vpp = Vpph 

Program Verify in Progress 

•CC5 

Vcc Erase Verify Current 

1,2 


5.0 

15 

mA 

Vpp = Vpph 

Erase Verify in Progress 

>PPS 

Vpp Leakage Current 

1 



±10.0 

jliA 

o 

o 

> 

VI 

Q. 

Q_ 

> 

IPPI 

Vpp Read Current, ID Current, 
or Standby Current 

1 


90 

200 

jiiA 

vpp > Vcc 


±10.0 

Vpp ^ Vcc 

lpP2 

Vpp Programming Current 

1,2 


8.0 

30 

mA 

Vpp = VppH 

Programming in Progress 

IPP3 

Vpp Erase Current 

1,2 


4.0 

20 

mA 

Vpp = Vpph 

Erasure in Progress 

lpP4 

Vpp Program Verify Current 

1,2 


2.0 

5.0 

mA 

Vpp = Vpph 

Program Verify in Progress 

IPP5 

Vpp Erase Verify Current 

1,2 


2.0 

5.0 

mA 

Vpp = VppH 

Erase Verify in Progress 

V|L 

Input Low Voltage 


-0.5 


0.8 

V 

\ 

V| H 

Input High Voltage 


2.0 


V C C + 0.5 

V 


VOL 

Output Low Voltage 




0.45 

V 

Iol = 5.8 mA 

Vcc = Vcc mi n 

VOHI 

Output High Voltage 


2.4 



V 

Ioh = -2.5 mA 

Vcc = Vccmin 

V|D 

Ag int e ligent Identifier 

Voltage 


11.50 


13.00 

V 


l|D 

Ag int e ligent Identifier 

Current 



90 

200 

juA 

Ag = V| D 

VpPL 

Vpp During Read-Only 
Operations 


0.00 


6.5 

V 

Note: Erase/ Program are 
Inhibited when Vpp = Vppj_ 

VppH 

Vpp During Read/Write 
Operations 


11.40 


12.60 

V 


V LKO 

Vcc Erase/Write Lock Voltage 


2.5 



V 
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DC CHARACTERISTICS— CMOS COMPATIBLE 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typical 

Max 

'Ll 

Input Leakage Current 

1 



±1.0 

fJL A 

Vcc = V C c max 

V|N = Vcc or V SS 

•lo 

Output Leakage Current 

1 



±10.0 

jLlA 

Vcc = v cc max 
v OUT = Vcc or Vss 

•ccs 

Vqc Standby Current 

1 


50 

100 

jjlA 

Vcc = Vccmax 

CE = V C c ±0.2V 

Icci 

Vcc Active Read Current 

1 


10 

30 

mA 

Vcc = Vccmax CE = V|i_ 
f = 6 MHz, lorn = 0 mA 

•CC2 

Vcc Programming Current 

1,2 


1.0 

10 

mA 

Programming in Progress 

ICC3 

Vcc Erase Current 

1,2 


5.0 

15 

mA 

Erasure in Progress 

ICC4 

Vcc Program Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppH 

Program Verify in Progress 

>CC5 

Vcc Erase Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppH 

Erase Verify in Progress 

ipps 

Vpp Leakage Current 

1 



±10.0 

jjlA 

o 

o 

> 

VI 

CL 

a_ 

> 

•PPI 

Vpp Read Current, ID 

1 


90 

200 

jjlA 

Vpp >Vcc 


Current, or Standby Current 




±10.0 

Vpp ^ Vcc 

IPP2 

Vpp Programming Current 

1,2 


8.0 

30 

mA 

Vpp = VppH 

Programming in Progress 

•PP3 

Vpp Erase Current 

1,2 





Vpp = VppH 

Erasure in Progress 

lpP4 

Vpp Program Verify Current 

1,2 




mA 

Vpp = VppH 

Program Verify in Progress 

•PP5 

Vpp Erase Verify Current 

1,2 




mA 

Vpp = VppH 

Erase Verify in Progress 

V|L 

Input Low Voltage 


-0.5 


0.8 

D 


V|H 

Input High Voltage 


0-7 V C c 


Vcc + 0-5 

V 


V 0 L 

Output Low Voltage 




0.45 

V 

Iql = 5.8 mA 

Vcc = Vcc min 

VoHI 

Output High Voltage 


0.85V CC 



V 

Ioh = ”2.5 mA, 
v cc = v cc min 

VOH2 



< 

o 

o 

1 

o 




Ioh = 100 jllA, 

Vcc = v cc min 

V|D 

Ag int e ligent Identifier 
Voltage 


11.50 


13.00 

V 


IlD 

Ag int e ligent Identifier 
Current 



90 

200 

/x A 

A 9 = V|d 
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DC CHARACTERISTICS— CMOS COMPATIBLE (Continued) 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typical 

Max 

Vppi 

Vpp During Read-Only 
Operations 


0.00 


6.5 

V 

Note: Erase/ Program are 
Inhibited when Vpp = Vpp[_ 

VppH 

Vpp During Read/Write 
Operations 


11.40 


12.60 

V 


v LKO 

Vcc Erase/Write Lock Voltage 


2.5 



V 



CAPACITANCES) T = 25°C,f = i.OMHz 


Symbol 

Parameter 

Limits 

Unit 

Conditions 

Min 

Max 

C|N 

Address/Control 

Capacitance 


6 

PF 

> 

o 

II 

z 

> 

Gout 

Output Capacitance 


12 

pF 

Vqut = ov 


NOTES FOR DC CHARACTERISTICS AND CAPACITANCE: 

1. All currents are in RMS unless otherwise noted. Typical values at Vcc = 5.0V, Vpp = 12.0V, T = 25°C. These currents 
are valid for all product versions (Packages and Speeds). 

2. Not 100% tested: characterization data available. 

3. Sampled, not 100% tested. 

4. “Typicals” are not guaranteed, but based on a limited number of samples from production lots. 


AC TESTING INPUT/OUTPUT WAVEFORM 


2.4— v 
INPUT X 

0.45 — S 


" Q3 > TEST POINTS 

|~-t — 


OUTPUT 

xx> 

\ o!s test points 



290243-7 

AC Testing: Inputs are driven at;2.5V for a logic “1” and 0.45 for a 
logic “0”. Testing measurements are made at 2.0 for a logic “1” 
and 0.8 for a logic “0”. Rise/Fall time £ 10 ns. 


AC TESTING LOAD CIRCUIT 


' 

1.3V 


1 

L 1N914 

\ 3.3k 

i r\\ it 

DEVICE 
i iwnro 


UNULK 

TEST 

C L = lOOpF 


C L = 100 pF 

C|_ includes Jig Capacitance 


AC Test Conditions 


Input Rise and Fall Times (10% to 90%) 


Input Pulse Levels 0.45 

Input Timing Reference Level 0.8 

Output Timing Reference Level 0.8 


. . 10 ns 
and 2.4 
and 2.0 
and 2.0 
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AC CHARACTERISTICS Read-Only Operations! 2 ) 


Versions 

Notes 

28F256A-120 

28F256A-150 

28F256A-200 

Unit 

Symbol 

Characteristic 

Min 

Max 

Min 

Max 

Min 

Max 

tAVAV/tRC 

Read Cycle Time 

3 

120 


150 


200 


ns 

tELQV/tcE 

Chip Enable Access Time 



120 


150 


200 

ns 

> 

< 

O 

< 

> 

o 

o 

Address Access Time 



120 


150 


200 

ns 

+ GI_GV /t C [r 

Output Enable 

Access Time 



50 


55 


60 

ns 

tELQX/tLZ 

Chip Enable to Output 
in Low Z 

3 

0 


0 


0 


ns 

tEHQZ 

Chip Disable to Output 
in High Z 

3 


55 


55 


60 

ns 

tGLQX^OLZ 

Output Enable to Output 
in Low Z 

3 

0 

1 

0 


0 


ns 

tGHQZ/tDF 

Output Disable to Output 
in High Z 

4 


30 

! 

35 


40 

ns 

tOH 

Output Hold from Address, 
CE, or OE Change! 1 ) 

3 

0 


0 


0 


ns 

tWHGL 

Write Recovery Time 
before Read 


6 


6 


6 


JUS 


NOTES: 

1. Whichever occurs first. 

2. Rise/Fall time < 10 ns. 

3. Not 100% tested: characterization data available. 

4. Guaranteed by design. 


DEVICE AND 



Figure 6. AC Waveform for Read Operations 
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AC CHARACTERISTICS — For Write/Erase/Program Operations^* 2 ) 


Versions 

Notes 

28F256A-120 

28F256A-150 

28F256A-200 

Unit 

Symbol 

Characteristic 

Min 

Max 

Min 

Max 

Min 

Max 

*AVAV/twC 

Write Cycle Time 


120 




200 


■1 

tAVWL^AS 

Address Set-Up Time 


0 


0 


0 


ns 

%LAX^AH 

Address Hold Time 


60 


60 


75 


ns 

tDVWlVtDS 



50 


50 




E9! 

tWHDX/tDH 



10 


10 




ns 

_i 

CD 

X 

£ 

Write Recovery Time 
before Read 

■ 


■ 

6 

■ 



JLXS 

tGHWL 

Read Recovery Time 
before Write 


0 






Q 

tELWL^CS 

Chip Enable Set-Up 

Time before Write 


20 

■ 


■ 

20 

■ 

Q 

tWHEH/tCH 

Chip Enable Hold Time 


0 


0 


0 


i mi 

HOB 


2 

60 




60 


Q 




20 





| 


tWHWHI 








■ 

g 

tWHWH2 

Duration of 

Erase Operation 

3 

9.5 


9.5 


9.5 


ms 

tvPEL 

Vpp Set-Up Time to 

Chip Enable Low 


1.0 


1.0 


1.0 


jLLS 


NOTES: 


1 . Read timing parameters during read/vvrite operations are the same as during read-only operations. Refer to AC Charac- 
teristics for Read-Only Operations. 

2. Rise/Fall time ^ 10 ns. 

3. The integrated stop timer terminates the programming /erase operations, thereby eliminating the need for a maximum 
specification. 


ERASE AND PROGRAMMING PERFORMANCE 


Parameter 

Notes 

Limits 

Unit 

28F256A-120 

28F256A-150 

28F256A-200 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Chip Erase Time 

1,3,4 


1 

m 


1 

na 


1 



Chip Program Time 

1,2,4 


0.5 

3 


0.5 

3 


0.5 

3 

sec 

Erase/ Program Cycles 

1,5 

10,000 

100,000 


10,000 

100,000 


10,000 

100,000 


cycles 


NOTES: 

1. “Typicals” are not guaranteed, but based on a limited number of samples taken from production lots. Data taken at 25°C, 
12.0V V PP . 

2. Minimum byte programming time excluding system overhead is 16 /xs program + 6 jms write recovery), while maximum is 
400 /xs/byte (16 juts x 25 loops allowed by algorithm). Max chip programming is specified lower than the worst case allowed 
by the programming algorithm since most bytes program significantly faster than the worst case byte. 

3. Excludes 00H Programming Prior to Erasure. 

4. Excludes System-Level Overhead. 

5. Refer to RR-60 “ETOX” II Flash Memory Reliability Data Summary for typical cycling data and failure rate calculations. 
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Figure 1 1. AC Waveforms for Programming Operations 


V cc POWER-UP & SET-UP PROGRAM 
STANDBY COMMAND 


PROGRAM 

PROGRAM COMMAND VERIFY 

LATCH ADDRESS & DATA PROGRAMMING COMMAND 


STANDBY/ 


VERIFICATION V rr POWER-DOWN 


CE (E) 


OE (Q) 


WE (W) 


DATA (DQ) 



Vppl 


290243-14 


ro 

co 

T1 

ro 

Ol 

o> 

> 


CD 





Figure 12. AC Waveforms for Erase Operations 
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ALTERNATIVE CE-CONTROLLED WRITES 


Versions 

Notes 

28F256A-120 

28F256A-150 

28F256A-200 

Unit 

Symbol 

Characteristic 

Min 

Max 

Min 

Max 

Min 

Max 

UVAV 

Write Cycle Time 









tAVEL 

Address Set-Up Time 


0 


0 


0 


H19 

tELAX 

Address Hold Time 


80 


80 





mjvEH 

Crvh.1 lr> Time 
'•'T' 


50 


50 


50 


ns 

IS 1 

Data Hold Time 


10 


10 





m 

Write Recovery Time 
before Read 


H 




Hi 




Read Recover Time 
before Write 

■ 






■ 


m 

Write Enable Set-Up Time 
before Chip-Enable 

■ 


i 




■ 





0 


0 


0 


ns 

tELEH 

Write Pulse Width 

1 

70 


70 


80 


ns 

tEHEL 

Write Pulse Width High 


20 




20 

■ 

ns 

tvPEL 

Vpp Set-Up Time 
to Chip-Enable Low 


1.0 


1.0 

l 

1.0 


JUS 


NOTE: 

1. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the write pulse width (with a longer Write-Enable timing waveform) all set-up, hold and 
inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 
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Figure 13. Alternate AC Waveforms for Programming Operations 


PROGRAM 

V cc POWER-UP & SET-UP PROGRAM PROGRAM COMMAND VERIFY 

STANDBY COMMAND LATCH ADDRESS & DATA PROGRAMMING COMMAND 


PROGRAM STANDBY/ 

VERIFICATION V cc POWER-DOWN 


WE (E) 


OE (Q) 


CE (W) 


DATA (DQ) 



290243-16 


ro 

oo 

■n 

to 

CJl 

o> 

> 





inter 


28F256A 




ORDERING INFORMATION 



ADDITIONAL INFORMATION 

Order Number 

ER-20, “ETOX II Flash Memory Technology” 294005 

ER-24, ‘‘The Intel 28F01 0 Flash Memory” 294008 

RR-60, “ETOX II Flash Memory Reliability Data Summary” 293002 

AP-316, “Using Flash Memory for In-System Reprogramming 292046 
Nonvolatile Storage” 

AP-325, “Guide to Flash Memory Reprogramming” 292059 
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28F512 

512K (64K x 8) CMOS FLASH MEMORY 


■ Flash Electrical Chip-Erase 

— 1 Second Typical Chip-Erase 

■ Quick-Pulse ProgrammingTM Algorithm 
— 10 jlls Typical Byte-Program 

— 1 Second Chip-Program 

■ 10,000 Erase/Program Cycle Minimum 

■ 12.0V ±5% V PP 

■ High-Performance Read 

— 120 ns Maximum Access Time 

■ CMOS Low Power Consumption 
— 10 mA Typical Active Current 

— 50 jaA Typical Standby Current 

— 0W Data Retention Power 

■ Integrated Program/Erase Stop Timers 


■ Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

■ Noise Immunity Features 

— ± 10% Vqc Tolerance 

— Maximum Latch-Up Immunity 
through EPI Processing 

■ ETOXtm || Nonvolatile Flash 
Technology 

— EPROM-Compatible Process Base 
— High-Volume Manufacturing 
Experience 

■ JEDEC-Standard Pinouts 

— 32-Pin Plastic Dip 

— 32-Lead PLCC 

(See Packaging Spec., Order #231369) 


Intel’s 28F512 CMOS flash memory offers the most cost-effective and reliable alternative for read/write 
random access nonvolatile memory. The 28F512 adds electrical chip-erasure and reprogramming to familiar 
EPROM technology. Memory contents can be rewritten: in a test socket; in a PROM-programmer socket; on- 
board during subassembly test; in-system during final test; and in-system after-sale. The 28F512 increases 
memory flexibility, while contributing to time- and cost-savings. 

The 28F512 is a 512-kilobit nonvolatile memory organized as 65,536 bytes of 8 bits. Intel’s 28F512 is offered 
in 32-pin plastic dip or 32-lead PLCC packages. Pin assignments conform to JEDEC standards for byte-wide 
EPROMs. 


Extended erase and program cycling capability is designed into Intel’s ETOX II (EPROM Tunnel Oxide) pro- 
cess technology. Advanced oxide processing, an optimized tunneling structure, and lower electric field com- 
bine to extend reliable cycling beyond that of traditional EEPROMs. With the 12.0V Vpp supply, the 28F512 
performs a minimum of 10,000 erase and program cycles well within the time limits of the Quick-Pulse Pro- 
grammingTM and Quick-EraseTM algorithms. , 

Intel’s 28F512 employs advanced CMOS circuitry for systems requiring high-performance access speeds, low 
power consumption, and immunity to noise. Its 120 nanosecond access time provides no-WAIT-state perform- 
ance for a wide range of microprocessors and microcontrollers. Maximum standby current of 100 ja A trans- 
lates into power savings when the device is deselected. Finally, the highest degree of latch-up protection is 
achieved through Intel’s unique EPI processing. Prevention of latch-up is provided for stresses up to 100 mA 
on address and data pins, from - 1 V to Vqc + 1 V. 

With Intel’s ETOX II process base, the 28F51 2 levers years of EPROM experience to yield the highest levels of 
quality, reliability, and cost-effectiveness. 
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Figure 1. 28F512 Block Diagram 
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VppC 
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AtsC 
A t 2 C 
A 7 C 
a 6 C 
a 5 C 
a 4 C 
a 3 C 
A 2 c, 
A,C 
a 0 C 

DQ 0 C 
DQ 1 C 

dq 2 C 

v ssC 


Figure 2. 28F512 Pin Configurations 


Table 1. Pin Description 


Symbol 

Type 

Name and Function 

A 0 -A 15 

INPUT 

ADDRESS INPUTS for memory addresses. Addresses are internally 
latched during a write cycle. 

DQ 0 -DQ 7 

INPUT/OUTPUT 

DATA INPUT/OUTPUT: Inputs data during memory write cycles; 
outputs data during memory read cycles. The data pins are active high 
and float to tri-state OFF when the chip is deselected or the outputs 
are disabled. Data is internally latched during a write cycle. 

CE 

INPUT 

CHIP ENABLE: Activates the device’s control logic, input buffers, 
decoders and sense amplifiers. CE is active low; CE high deselects the 
memory device and reduces power consumption to standby levels. 

OE 

INPUT 

OUTPUT ENABLE: Gates the devices output through the data buffers 
during a read cycle. OE is active low. 

WE 

INPUT 

WRITE ENABLE: Controls writes to the control register and the array. 
Write enable is active low. Addresses are latched on the falling edge 
and data is latched on the rising edge of the WE pulse. 

Note: With Vpp ^ 6.5V, memory contents cannot be altered. 

Vpp 


ERASE/PROGRAM POWER SUPPLY for writing the command 
register, erasing the entire array, or programming bytes in the array. 

Vcc 


DEVICE POWER SUPPLY (5V ±10%) 

Vss 


GROUND 

NC 


NO INTERNAL CONNECTION to device. Pin may be driven or left 
floating. 


V7 

1 
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APPLICATIONS 

The 28F512 flash memory provides nonvolatility 
along with the capability to typically perform over 
100,000 electrical chip-erasure/reprogram cycles. 
These features make the 28F512 an innovative al- 
ternative to disk, EEPROM, and battery-backed stat- 
ic RAM. Where periodic updates of code and data- 
tables are required, the 28F512’s reprogrammability 
and nonvolatility make it the obvious and ideal re- 
placement for EPROM. 

Primary applications and operating systems stored 
in flash eliminate the slow disk-to-DRAM download 
process. This results in dramatic enhancement of 
performance and substantial reduction of power 
consumption — a consideration particularly impor- 
tant in portable equipment. Flash memory increases 
flexibility with electrical chip erasure and in-system 
update capability of operating systems and applica- 
tion code. With updatable BIOS, system manufactur- 
ers can easily accommodate last-minute changes as 
revisions are made. 

In diskless workstations and terminals, network traf- 
fic reduces to a minimum and systems are instant- 
on. Reliability exceeds that of electromechanical 
media. Often in these environments, power interrup- 
tions force extended re-boot periods for all net- 
worked terminals. This mishap is no longer an issue 
if boot code, operating systems, communication pro- 
tocols and primary applications are flash-resident in 
each terminal. 

For embedded systems that rely on dynamic RAM/ 
disk for main system memory or nonvolatile backup 
storage, the 28F512 flash memory offers a solid 
state alternative in a minimal form factor. The 
28F512 provides higher performance, lower power 
consumption, instant-on capability, and allows an 
“execute in place” memory hierarchy for code and 
data table reading. Additionally, the flash memory is 
more rugged and reliable in harsh environments 
where extreme temperatures and shock can cause 
disk-based systems to fail. 

The need for code updates pervades all phases of a 
system’s life — from prototyping to system manufac- 
ture to after-sale service. The electrical chip-erasure 
and reprogramming ability of the 28F512 allows in- 


circuit alterability; this eliminates unnecessary han- 
dling and less-reliable socketed connections, while 
adding greater test, manufacture, and update flexi- 
bility. 

Material and labor costs associated with code 
changes increases at higher levels of system inte- 
gration — the most costly being code updates after 
sale. Code “bugs”, or the desire to augment system 
functionality, prompt after-sale code updates. Field 
revisions to tPRuM-oasea code requires the re- 
moval of EPROM components or entire boards. With 
the 28F512, code updates are implemented locally 
via an edge-connector, or remotely over a commun- 
cation link. 

For systems currently using a high-density static 
RAM/battery configuration for data accumulation, 
flash memory’s inherent nonvolatility eliminates the 
need for battery backup. The concern for battery 
failure no longer exists, an important consideration 
for portable equipment and medical instruments, 
both requiring continuous performance. In addition, 
flash memory offers a considerable cost advantage 
over static RAM. 

Flash memory’s electrical chip erasure, byte pro- 
grammability and complete nonvolatility fit well with 
data accumulation and recording needs. Electrical 
chip-erasure gives the designer a “blank slate” in 
which to log or record data. Data can be periodically 
off-loaded for analysis and the flash memory erased 
producing a new “blank slate”. 

A high degree of on-chip feature integration simpli- 
fies memory-to-processor interfacing. Figure 3 de- 
picts two 28F512s tied to the 80C186 system bus. 
The 28F512’s architecture minimizes interface cir- 
cuitry needed for complete in-circuit updates of 
memory contents. 

With cost-effective in-system reprogramming, ex- 
tended cycling capability, and true nonvolatility, 
the 28F512 offers advantages to the alternatives: 
EPROMs, EEPROMs, battery backed static RAM, 
or disk. EPROM-compatible read specifications, 
straight-forward interfacing, and in-circuit alterability 
offers designers unlimited flexibility to meet the high 
standards of today’s designs. 


28F512 
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Figure 3. 28F512 in a 80C186 System 


PRINCIPLES OF OPERATION 

Flash-memory augments EPROM functionality with 
in-circuit electrical erasure and reprogramming. The 
28F512 introduces a command register to manage 
this new functionality. The command register allows 
for: 100% TTL-level control inputs; fixed power sup- 
plies during erasure and programming; and maxi- 
mum EPROM compatibility. 

In the absence of high voltage on the Vpp pin, the 
28F512 is a read-only memory. Manipulation of the 
external memory-control pins yields the standard 
EPROM read, standby, output disable, and int e ligent 
IdentifierTM operations. 

The same EPROM read, standby, and output disable 
operations are available when high voltage is ap- 
plied to the Vpp pin. In addition, high voltage on Vpp 
enables erasure and programming of the device. All 
functions associated with altering memory con- 
tents — int e ligent Identifier, erase, erase verify, pro- 
gram, and program verify — are accessed via the 
command register. 

Commands are written to the register using standard 
microprocessor write timings. Register contents 
serve as input to an internal state-machine which 
controls the erase and programming circuitry. Write 
cycles also internally latch addresses and data 
needed for programming or erase operations. With 
the appropriate command written to the register, 


standard microprocessor read timings output array 
data, access the int e ligent Identifier codes, or output 
data for erase and program verification. 


Integrated Stop Timer 

Successive command write cycles define the dura- 
tion of program and erase operations; specifically, 
the program or erase time durations are normally 
terminated by associated program or erase verify 
commands. An integrated stop timer provides simpli- 
fied timing control over these operations; thus elimi- 
nating the need for maximum program/erase timing 
specifications. Programming and erase pulse 
durations are minimums only. When the stop timer 
terminates a program or erase operation, the device 
enters an inactive state and remains inactive until 
receiving the appropriate verify or reset command. 


Write Protection 

The command register is only active when Vpp is at 
high voltage. Depending upon the application, the 
system designer may choose to make the Vpp pow- 
er supply switchable — available only when memory 
updates are desired. When Vpp = Vppi_, the con- 
tents of the register default to the read command, 
making the 28F512 a read-only memory. In this 
mode, the memory contents cannot be altered. 
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Table 2. 28F512 Bus Operations 


Pins 

VppO) 

Ao 

Ag 

CE 

OE 

WE 

DQ()-DQ7 

Operation 

READ-ONLY 

Read 

Vrrl 

A 0 

Ag 

V |L 

VlL 

V|H 

Data Out 

Output Disable 

VppL 

X 

X 

V|L 

V|H 

V|H 

Tri-State 

Standby 

Vrpl 

X 

X 

V| H 

X 

X 

Tri-State 

inteligent IdentifierTM (Mfr)( 2 ) 

Vrpl 

V|L 

V| D <3) 

V|L 

VlL 

VlH 

Data = 89H 

int e ligent IdentifierTM (Device)! 2 ) 

Vppi 

V|H 

V,d< 3 > 

V| L 

V|L 

V|H 

Data = B8H 

READ/WRITE 

Read 

VppH 

Ao 

Ag 



Eli 


Output Disable 

Vppn 

X 

X 





Standby(S) 

VppH 

X 

X 

V|H 

X 

X 

Tri-State 

Write 

V PPH 

Ao 

Ag 

V|L 

VlH 

VlL 

Data ln( 6 ) 


NOTES: 

1 . Refer to DC Characteristics. When Vpp = Vpp[_ memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 3. All other 
addresses low. 

3. V|d is the int e ligent Identifier high voltage. Refer to DC Characteristics. 

4. Read operations with Vpp = Vppn may access array data or the int e ligent Identifier™ codes. 

5. With Vpp at high voltage, the standby current equals Ice + Ipp (standby). 

6. Refer to Table 3 for valid Data-In during a write operation. 

7. X can be Vil or V|h- 


Or, the system designer may choose to “hardwire” 
Vpp, making the high voltage supply constantly 
available. In this case, all Command Register func- 
tions are inhibited whenever Vqc is below the write 
lockout voltage Vy<o- (See Power Up/Down Protec- 
tion). The 28F512 is designed to accommodate ei- 
ther design practice, and to encourage optimization 
of the processor-memory interface. 

BUS OPERATIONS 

Read 

The 28F512 has two control functions, both of which 
must be logically active, to obtain data at the out- 
puts. Chip-Enable (CE) is the power control and 
should be used for device selection. Output-Enable 
(OE) is the output control and should be used 
to gate data from the output pins, independent of 
device selection. Refer to AC read timing 
waveforms. 

When Vpp is high (Vppn), the read operation can be 
used to access array data, to output the int e ligent 
Identified codes, and to access data for program/ 
erase verification. When Vpp is low (Vppi_), the read 
operation can only access the array data. 


Output Disable 

With Output-Enable at a logic-high level (V|h), output 
from the device is disabled. Output pins are placed 
in a high-impedance state. 

Standby 

With Chip-Enable at a logic-high level, the standby 
operation disables most of the 28F512’s circuitry 
and substantially reduces device power consump- 
tion. The outputs are placed in a high-impedance 
state, independent of the Output-Enable signal. 
If the 28F512 is deselected during erasure, pro- 
gramming, or program/erase verification, the 
device draws active current until the operation is 
terminated. 


int e ligent Identifier^ Operation 

The int e ligent Identifier operation outputs the manu- 
facturer code (89H) and device code (B8H). Pro- 
gramming equipment automatically matches the de- 
vice with its proper erase and programming algo- 
rithms. 
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With Chip-Enable and Output-Enable at a logic low 
level, raising A9 to high voltage V|d (see DC Charac- 
teristics) activates the operation. Data read from lo- 
cations 0000H and 0001 H represent the manufac- 
turer’s code and the device code, respectively. 

The manufacturer- and device-codes can also be 
read via the command register, for instances where 
the 28F512 is erased and reprogrammed in the tar- 
get system. Following a write of 90H to the com- 
mand register, a read from address location 0000FI 
outputs the manufacturer code (89H). A read from 
address 0001 FI outputs the device code (B8H). 


used to store the command, along with address and 
data information needed to execute the command. 

The command register is written by bringing Write- 
Enable to a logic-low level (V||_), while Chip-Enable is 
low. Addresses are latched on the falling edge of 
Write-Enable, while data is latched on the rising 
edge of the Write-Enable pulse. Standard microproc- 
essor write timings are used. 

Refer to AC Write Characteristics and the Erase/ 
Programming Waveforms for specific timing 
parameters. 


Write 

Device erasure and programming are accomplished 
via the command register, when high voltage is ap- 
plied to the Vpp pin. The contents of the register 
serve as input to the internal state-machine. The 
state-machine outputs dictate the function of the 
device. 

The command register itself does not occupy an ad- 
dressable memory location. The register is a latch 


COMMAND DEFINITIONS 

When low voltage is applied to the Vpp pin, the con- 
tents of the command register default to 00H, en- 
abling read-only operations. 

Placing high voltage on the Vpp pin enables read/ 
write operations. Device operations are selected by 
writing specific data patterns into the command reg- 
ister. Table 3 defines these 28F512 register 
commands. 


Table 3. Command Definitions 


Command 

Bus 

Cycles 

Req’d 

First Bus Cycle 

Second Bus Cycle 

Operation(i) 

Address! 2 ) 

Data! 3 ) 

Operation! 1 ) 

Address! 2 ) 

Data<3) 

Read Memory 

1 

Write 

X 

00H 




Read int e ligent IdentifierTM Code( 4 ) 

3 

Write 

X 

90H 

Read 

(4) 

(4) 

Set-up Erase/Erase( 5 ) 

2 

Write 

X 

20H 

Write 

X 

20H 

Erase Verify( 5 ) 

2 

Write 

EA 

A0H 

Read 

X 

EVD 

Set-up Program/ Program! 6 ) 

2 

Write 

X 

40H 

Write 

PA 

PD 

Program Verify! 6 ) 

2 

Write 

X 

C0H 

Read 

X 

PVD 

Reset( 7 ) 

2 

Write 

X 

FFH 

Write 

X 

FFH 


NOTES: 

1. Bus operations are defined in Table 2. 

2. IA = Identifier address: 00H for manufacturer code, 01 H for device code. 

EA = Address of memory location to be read during erase verify. 

PA = Address of memory location to be programmed. 

Addresses are latched on the falling edge of the Write-Enable pulse. 

3. ID = Data read from location IA during device identification (Mfr = 89H, Device = B8FI). 

EVD = Data read from location EA during erase verify. 

PD = Data to be programmed at location PA. Data is latched on the rising edge of Write-Enable. 

PVD = Data read from location PA during program verify. PA is latched on the Program command. 

4. Following the Read int e ligent ID command, two read operations access manufacturer and device codes. 

5. Figure 5 illustrates the Quick-EraseTM algorithm. 

6. Figure 4 illustrates the Quick-Pulse Programming^ algorithm. 

7. The second bus cycle must be followed by the desired command register write. 
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Read Command 

While Vpp is high, for erasure and programming, 
memory contents can be accessed via the read 
command. The read operation is initiated by writing 
00H into the command register. Microprocessor 
read cycles retrieve array data. The device remains 
enabled for reads until the command register con- 
tents are altered. 

i iie ufcjfauii. uuiiieniS Cm li'ic register LipOn Vpp pGW- 

er-up is 00H. This default value ensures that no spu- 
rious alteration of memory contents occurs during 
the Vpp power transition. Where the Vpp supply is 
hard-wired to the 28F512, the device powers-up and 
remains enabled for reads until the command-regis- 
ter contents are changed. Refer to the AC Read 
Characteristics and Waveforms for specific timing 
parameters. 

int e ligent Identifier™ Command 

Flash-memories are intended for use in applications 
where the local CPU alters memory contents. As 
such, manufacturer- and device-codes must be ac- 
cessible while the device resides in the target sys- 
tem. PROM programmers typically access signature 
codes by raising A9 to a high voltage. Flowever, mul- 
tiplexing high voltage onto address lines is not a de- 
sired system-design practice. 

The 28F512 contains an int e ligent Identifier opera- 
tion to supplement traditional PROM-programming 
methodology. The operation is initiated by writing 
90H into the command register. Following the com- 
mand write, a read cycle from address 0000H re- 
trieves the manufacturer code of 89H. A read cycle 
from address 0001 H returns the device code of 
B8H. To terminate the operation, it is necessary to 
write another valid command into the register. 

Set-up Erase/Erase Commands 

Set-up Erase is a command-only operation that 
stages the device for electrical erasure of all bytes in 
the array. The set-up erase operation is performed 
by writing 20H to the command register. 

To commence chip-erasure, the erase command 
(20H) must again be written to the register. The 
erase operation begins with the rising edge of the 
Write-Enable pulse and terminates with the rising 
edge of the next Write-Enable pulse (i.e., Erase-Veri- 
fy Command). 

This two-step sequence of set-up followed by execu- 
tion ensures that memory contents are not acciden- 
tally erased. Also, chip-erasure can only occur when 
high voltage is applied to the Vpp pin. In the absence 


of this high voltage, memory contents are protected 
against erasure. Refer to AC Erase Characteristics 
and Waveforms for specific timing parameters. 

Erase-Verify Command 

The erase command erases all bytes of the array in 
parallel. After each erase operation, all bytes must 
be verified. The erase verify operation is initiated by 
writing AOH into the command register. The address 
for the byte to be verified must be supplied as it is 
latched on the falling edge of the Write-Enable 
pulse. The register write terminates the erase opera- 
tion with the rising edge of its Write-Enable pulse. 

The 28F512 applies an internally-generated margin 
voltage to the addressed byte. Reading FFH from 
the addressed byte indicates that all bits in the byte 
are erased. 

The erase-verify command must be written to the 
command register prior to each byte verification to 
latch its address. The process continues for each 
byte in the array until a byte does not return FFH 
data, or the last address is accessed. 

In the case where the data read is not FFH, another 
erase operation is performed. (Refer to Set-up 
Erase/Erase). Verification then resumes from the 
address of the last-verified byte. Once all bytes in 
the array have been verified, the erase step is com- 
plete. The device can be programmed. At this point, 
the verify operation is terminated by writing a valid 
command (e.g. Program Set-up) to the command 
register. Figure 5, the Quick-Erase™ algorithm, illus- 
trates how commands and bus operations are com- 
bined to perform electrical erasure of the 28F512. 
Refer to AC Erase Characteristics and Waveforms 
for specific timing parameters. 

Set-up Program/Program Commands 

Set-up program is a command-only operation that 
stages the device for byte programming. Writing 40H 
into the command register performs the set-up 
operation. 

Once the program set-up operation is performed, 
the next Write-Enable pulse causes a transition to 
an active programming operation. Addresses are in- 
ternally latched on the falling edge of the Write-En- 
able pulse. Data is internally latched on the rising 
edge of the Write-Enable pulse. The rising edge of 
Write-Enable also begins the programming opera- 
tion. The programming operation terminates with the 
next rising edge of Write-Enable, used to write the 
program-verify command. Refer to AC Programming 
Characteristics and Waveforms for specific timing 
parameters. 
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Program-Verity Command 

The 28F512 is programmed on a byte-by-byte basis. 
Byte programming may occur sequentially or at ran- 
dom. Following each programming operation, the 
byte just programmed must be verified. 

The program-verity operation is initiated by writing 
COH into the command register. The register write 
terminates the programming operation with the ris- 
ing edge of its Write-Enable pulse. The program-ver- 
ity operation stages the device for verification of the 
byte last programmed. No new address information 
is latched. 

The 28F512 applies an internally-generated margin 
voltage to the byte. A microprocessor read cycle 
outputs the data. A successful comparison between 
the programmed byte and true data means that the 
byte is successfully programmed. Programming then 
proceeds to the next desired byte location. Figure 4, 
the 28F512 Quick-Pulse Programming™ algorithm, 
illustrates how commands are combined with bus 
operations to perform byte programming. Refer to 
AC Programming Characteristics and Waveforms for 
specific timing parameters. 

Reset Command 

A reset command is provided as a means to safely 
abort the erase- or program-command sequences. 
Following either set-up command (erase or program) 
with two consecutive writes of FFH will safely abort 
the operation. Memory contents will not be altered. 
A valid command must then be written to place the 
device in the desired state. 


EXTENDED ERASE/PROGRAM CYCLING 

EEPROM cycling failures have always concerned 
users. The high electrical field required by thin oxide 
EEPROMs for tunneling can literally tear apart the 
oxide at defect regions. To combat this, some sup- 
pliers have implemented redundancy schemes, re- 
ducing cycling failures to insignificant levels. Howev- 
er, redundancy requires that cell size be doubled — 
an expensive solution. 

Intel has designed extended cycling capability into 
its ETOX II flash memory technology. Resulting im- 
provements in cycling reliability come without in- 
creasing memory cell size or complexity. First, an 
advanced tunnel oxide increases the charge carry- 
ing ability ten-fold. Second, the oxide area per cell 
subjected to the tunneling electric field is one-tenth 
that of common EEPROMs, minimizing the probabili- 
ty of oxide defects in the region. Finally, the peak 
electric field during erasure is approximately 2 MV/ 
cm lower than EEPROM. The lower electric field 


greatly reduces oxide stress and the probability of 
failure — increasing time to wearout by a factor of 
100,000,000. 

The 28F512 is specified for a minimum of 10,000 
program/erase cycles. The device is programmed 
and erased using Intel’s Quick-Pulse Program- 
ming™ and Quick-Erase™ algorithms. Intel’s algo- 
rithmic approach uses a series of operations (puls- 
es), along with byte verification, to completely and 
reliably erase and program the device. 

For further information, see Reliability Report RR-60 
(ETOX-II Reliability Data Summary). 

QUICK-PULSE PROGRAMMING™ ALGORITHM 

The Quick-Pulse Programming algorithm uses pro- 
gramming operations of 10 jus duration. Each opera- 
tion is followed by a byte verification to determine 
when the addressed byte has been successfully pro- 
grammed. The algorithm allows for up to 25 pro- 
gramming operations per byte, although most bytes 
verify on the first or second operation. The entire 
sequence of programming and byte verification is 
performed with Vpp at high voltage. Figure 4 illus- 
trates the Quick-Pulse Programming algorithm. 

quick-erase™ algorithm 

Intel’s Quick-Erase algorithm yields fast and reliable 
electrical erasure of memory contents. The algo- 
rithm employs a closed-loop flow, similar to the 
Quick-Pulse Programming™ algorithm, to simulta- 
neously remove charge from all bits in the array. 

Erasure begins with a read of memory contents. The 
28F512 is erased when shipped from the factory. 
Reading FFH data from the device would immedi- 
ately be followed by device programming. 

For devices being erased and reprogrammed, uni- 
form and reliable erasure is ensured by first pro- 
gramming all bits in the device to their charged state 
(Data = 00H). This is accomplished, using the 
Quick-Pulse Programming algorithm, in approxi- 
mately one second. 

Erase execution then continues with an initial erase 
operation. Erase verification (data = FFH) begins at 
address 0000H and continues through the array to 
the last address, or until data other than FFH is en- 
countered. With each erase operation, an increasing 
number of bytes verify to the erased state. Erase 
efficiency may be improved by storing the address of 
the last byte verified in a register. Following the next 
erase operation, verification starts at that stored ad- 
dress location. Erasure typically occurs in one sec- 
ond. Figure 5 illustrates the Quick-Erase algorithm. 
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NOTES: 

1 . See DC Characteristics for value of Vppn and Vppi_. 

2. Program Verify is only performed after byte program- 
ming. A final read/compare may be performed (option- 
al) after the register is written with the Read command. 


Bus 

Operation 

Command 

Comments 

Standby 


Wait for Vpp Ramp to Vppn(1 ) 



Initialize Pulse-Count 

Write 

Set-up 

Program 

Data = 40H 

Write 

Program 

Valid Address/ Data 

Standby 


Duration of Program 

Operation (twHWHi) 

Write 

Program! 2 ) 

Verify 

Data = COH; Stops Program 
Operation! 3 ) 

Standby 


tWHGL 

i 

Read 


Read Byte to Verify 
Programming 

Standby 


Compare Data Output to Data 
Expected 

Write 

Read 

Data = 00H, Resets the 
Register for Read Operations 

Standby 


Wait for Vpp Ramp to Vppi_(1) 


3. Refer to principles of operation. 

4. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of the de- 
vice. 


Figure 4. 28F512 Quick-Pulse ProgrammingTM Algorithm 
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NOTES: 

1. See DC Characteristics for value of Vppn and Vpp[_. 

2. Erase Verify is performed only after chip-erasure. A 
final read/compare may be performed (optional) after 
the register is written with the read command. 


Bus 

Operation 

Command 

Comments 



Entire memory must = 00H 
before erasure 



Use Quick-Pulse 
ProgrammingTM Algorithm 
(Figure 4) 

Standby 


Wait for Vpp Ramp to Vppn(1 ) 



Initialize Addresses and 
Pulse-Count 

Write 

Set-up 

Erase 

Data = 20H 

Write 

Erase 

Data = 20H 

Standby 


Duration of Erase Operation 
(tWHWH2) 

Write 

Standby 

Erased) 

Verify 

Addr = Byte to Verify; 

Data = AOH; Stops Erase 
Operation^) 

tWHGL 

Read 


Read Byte to Verify Erasure 

Standby 


Compare Output to FFH 
Increment Pulse-Count 

Write 

Read 

Data = 00H, Resets the 
Register for Read Operations 

Standby 


Wait for Vpp Ramp to Vppi_(1) 


3. Refer to principles of operation. 

4. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of the de- 
vice. 


Figure 5. 28F512 Quick-EraseTM Algorithm 
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DESIGN CONSIDERATIONS 


Two-Line Output Control 

Flash-memories are often used in larger memory ar- 
rays. Intel provides two read-control inputs to ac- 
commodate multiple memory connections. Two-line 
control provides for: 

a. the lowest possible memorv power dissipation 
and, 

b. complete assurance that output bus contention 
will not occur. 

To efficiently use these two control inputs, an ad- 
dress-decoder output should drive chip-enable, 
while the system’s read signal controls all flash- 
memories and other parallel memories. This assures 
that only enabled memory devices have active out- 
puts, while deselected devices maintain the low 
power standby condition. 


Power Supply Decoupling 

Flash-memory power-switching characteristics re- 
quire careful device decoupling. System designers 
are interested in three supply current (Ice) issues — 
standby, active, and transient current peaks pro- 
duced by falling and rising edges of chip-enable. The 
capacitive and inductive loads on the device outputs 
determine the magnitudes of these peaks. 

Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 /xF ceramic capacitor 
connected between Vcc and Vss. and between Vpp 
and V S s- 

Place the high-frequency, low-inherent-inductance 
capacitors as close as possible to the devices. Also, 
for every eight devices, a 4.7 jllF electrolytic capaci- 
tor should be placed at the array’s power supply 
connection, between Vcc and Vss- The bulk capaci- 
tor will overcome voltage slumps caused by printed- 
circuit-board trace inductance, and will supply 
charge to the smaller capacitors as needed. 


Vpp Trace on Printed Circuit Boards 

Programming flash-memories, while they reside in 
the target system, requires that the printed circuit 
board designer pay attention to the Vpp power sup- 
ply trace. The Vpp pin supplies the memory cell cur- 
rent for programming. Use similar trace widths and 
layout considerations given the Vcc power bus. Ad- 
equate Vpp supply traces and decoupling will de- 
crease Vpp voltage spikes and overshoots. 


Power Up/Down Protection 

The 28F512 is designed to offer protection against 
accidental erasure or programming during power 
transitions. Upon power-up, the 28F512 is indifferent 
as to which power supply, Vpp or Vcc. powers up 
first. Power supply sequencing is not required. Inter- 
nal circuitry in the 28F512 ensures that the com- 
mand register is reset to the read mode on power 
up. 

A system designer must guard against active writes 
for Vcc voltages above Vlko when Vpp is active. 
Since both WE and CE must be low for a command 
write, driving either to Vjh will inhibit writes. The con- 
trol register architecture provides an added level of 
protection since alteration of memory contents only 
occurs after successful completion of the two-step 
command sequences. 


28F512 Power Dissipation 

When designing portable systems, designers must 
consider battery power consumption not only during 
device operation, but also for data retention during 
system idle time. Flash nonvolatility increases the 
usable battery life of your system because the 
28F512 does not consume any power to retain code 
or data when the system is off. Table 4 illustrates the 
power dissipated when updating the 28F512. 


Table 4. 28F512 Typical Update 
Power DissipationC 4 ) 


Operation 

Notes 

Power Dissipation 
(Watt-Seconds) 

Array Program/ 
Program Verify 

1 

0.085 

Array Erase/ 

Erase Verify 

2 

0.092 

One Complete Cycle 

3 

0.262 


NOTES: 

1. Formula to calculate typical Program/ Program Verify 
Power = [Vpp X # Bytes x Typical # Prog Pulses 
(twHWHI x >PP 2 Typical + t WH GL X lpP 4 Typical)] + 
[Vcc x * Bytes X Typical # Prog Pulses (twHWHI x 
l C C2 Typical + t WH GL x >CC 4 Typical). 

2. Formula to calculate typical Erase/Erase Verify Power 
= [Vpp(lpp 3 Typical X t ERAS E Typical + lpp 5 Typical x 
tWHGL x * Bytes)] + [V C c(lcC3 Typical X t ERAS E Typi- 
cal + Ices Typical X twHGL x * Bytes)]. 

3. One Complete Cycle = Array Preprogram + Array 
Erase + Program. 

4. “Typicals” are not guaranteed, but based on a limited 
number of samples from production lots. 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 

During Read 0°C to +70°C0) 

During Erase/Program . . 0°C to +70°C 

Temperature Under Bias - 1 0°C to + 80°C 

Storage Temperature -65°C to + 125°C 

Voltage on Any Pin with 

Respect to Ground -2.0V to + 7.0V( 2 ) 

Voltage on Pin Ag with 

Respect to Ground -2.0V to + 13.5V( 2 > 3 ) 

Vpp Supply Voltage with 
Respect to Ground 

During Erase/Program — -2.0V to + 14.0V( 2 > 3 ) 

NOTES: 


Vqc Supply Voltage with 

Respect to Ground -2.0V to + 7.0V( 2 ) 

Output Short Circuit Current 100 mA( 4 ) 

NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


1. Operating temperature is for commercial product defined by this specification. 

2. Minimum DC input voltage is -0.5 V. During transitions, inputs may undershoot to -2.0V for periods less than 20 ns. 
Maximum DC voltage on output pins is Vcc + 0.5V, which may overshoot to Vcc + 2.0V for periods less than 20 ns. 

3. Maximum DC voltage on Ag or Vpp may overshoot to + 14.0V for periods less than 20 ns. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 


OPERATING CONDITIONS 


Symbol 

Parameter 

Limits 

Unit 

Comments 

Min 

Max 

Ta 

Operating Temperature 

0 

70 

°C 

For Read-Only and 
Read/Write Operations 

V CC 

Vqc Supply Voltage 

4.50 

5.50 

V 



DC CHARACTERISTICS— TTL/NMOS COMPATIBLE 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typ 

Max 

m 

Input Leakage Current 

1 



±1.0 


v cc = v cc Max 

V|n = Vcc or Vss 

12 

Output Leakage Current 

1 




nu 

V CC = v cc Max 

VoUT = Vcc °r Vss 

m 

Vcc Standby Current 

1 




IE3 


Icci 

Vcc Active Read Current 

1 


10 

30 

mA 

Vcc = Vcc Max, CE = V|i_ 
f = 6 MHz, louT = 0 mA 

ICC2 

Vcc Programming Current 

1,2 


1.0 

10 

mA 

Programming in Progress 

ICC3 

Vcc Erase Current 

1,2 


5.0 

15 

mA 

Erasure in Progress 


Vcc Program Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppH 

Program Verify in Progress 


Vcc Erase Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppH 

Erase Verify in Progress 

mm 

Vpp Leakage Current 

1 



±10.0 

ju,A 

Vpp ^ Vcc 

ippi 

Vpp Read Current, Standby 
Current, or ID Current 

1 


90 

200 

fJL A 

Vpp > Vcc 


±10.0 

Vpp ^ Vcc 
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DC CHARACTERISTICS— TTL/NMOS COMPATIBLE (Continued) 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typ 

Max 

lpP2 

Vpp Programming Current 

1,2 


8.0 

30 

mA 

Vpp = VppH 

Programming in Progress 

IPP3 

Vpp Erase Current 

1,2 


4.0 

30 

mA 

Vpp = VppH 

Erasure in Progress 

IPP4 

Vpp Program Verify Current 

1,2 


2.0 

5.0 

mA 

Vpp = VppH 

Program Verify in Progress 

IPP5 

Vpp Erase Verify Current 

1,2 


2.0 

5.0 

mA 

Vpp = VppH 

Erase Verify in Progress 

V|L 

Input Low Voltage 


-0.5 


0.8 

V 


V|H 

Input High Voltage 


2.0 


V CC + 0.5 

V 


V OL 

Output Low Voltage 




0.45 

V 

Iql = 5.8 mA 

V CC = V CC Min 

VoHI 

Output High Voltage 


2.4 



V 

Iqh = -2.5 mA 

V CC = V CC Min 

V|D 

Ag int e ligent IdentifierTM 

Voltage 


11.50 


13.00 

V 


>ID 

Ag int e ligent Identifier Current 



90 

200 

fJL A 

> 

CO 

II 

< 

o 

VpPL 

Vpp during Read-Only 
Operations 


0.00 

. 


6.5 

V 

NOTE: Erase/ Program are 
Inhibited when Vpp = Vpp[_ 

VppH 

Vpp during Read/Write 
Operations 


11.40 


12.60 

V 


Vlko 

Vqc Erase/Write Lock Voltage 


2.5 



V 



DC CHARACTERISTICS— CMOS COMPATIBLE 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typ 

Max 

'Ll 

Input Leakage Current 

1 



±1.0 

JJL A 

Vcc — Vcc Max 

V|n = Vcc or Vss 

<lo 

Output Leakage Current 

1 



±10.0 

jjlA 

Vcc = Vcc Max 

VoUT = v cc or Vss 

•ccs 

Vcc Standby Current 

1 


50 

100 

fxA 

Vcc = Vcc Max 

CE = Vcc ±0.2V 

Icci 

Vcc Active Read Current 

1 


10 

30 

mA 

v cc = v cc Max, CE = V|[_ 
f = 6 MHz, Iqut = 0 mA 

Icc 2 

Vcc Programming Current 

1,2 


1.0 

10 

mA 

Programming in Progress 

ICC3 

Vcc Erase Current 

1,2 


5.0 

15 

mA 

Erasure in Progress 

<CC4 

Vcc Program Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppH 

Program Verify in Progress 

ICC5 

Vcc Erase Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppH 

Erase Verify in Progress 
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DC CHARACTERISTICS— CMOS COMPATIBLE (Continued) 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typ 

Max 

■pps 

Vpp Leakage Current 

1 



±10.0 

p,A 

Vpp < Vcc 

>PP1 

Vpp Read Current, ID 
Current, or Standby 

Current 

1 


90 

200 

fiA 

Vpp > Vcc 


±10.0 

Vpp ^ Vcc 

IPP2 

Vpp Programming Current 

1,2 


8.0 

30 

mA 

Vpp = Vpph 

Programming in Progress 

>PP3 

Vpp Erase Current 

1,2 


4.0 

30 

mA 

Vpp = VppH 

Erasure in Progress 

lpP4 

Vpp Program Verify Current 

1,2 


2.0 

5.0 

mA 

Vpp = Vpph 

Program Verify in Progress 

•PP5 

Vpp Erase Verify Current 

1,2 


2.0 

5.0 

mA 

Vpp = Vpp|-| 

Erase Verify in Progress 

VlL 

Input Low Voltage 


-0.5 


0.8 

V 


V| H 

Input High Voltage 


0.7 V CC 


^CC + 0.5 

V 


V OL 

Output Low Voltage 




0.45 

V 

Iql = 5.8 mA 

V CC = V CC Min 

V OH1 

Output High Voltage 


0.85 V CC 



V 

Iqh = — 2.5 mA, 

V CC = V CC Min 

V OH2 

< 

o 

o 

1 

o 

Iqh = —100 pA 

Vcc = Vcc Min 

V ID 

Ag int e ligent Identifier 
Voltage 


11.50 


13.00 

V 

> 

CO 

II 

< 

a 

IlD 

Ag int e ligent Identifier 
Current 



90 

200 

ju,A 

> 

CO 

II 

< 

a 

VppL 

Vpp during Read-Only 
Operations 


0.00 


6.5 

V 

NOTE: Erase/ Program 
are Inhibited when 

Vpp = Vp P j_ 

V PPH 

Vpp during Read/Write 
Operations 


11.40 


12.60 

V 


V LKO 

Vqc Erase/Write Lock 
Voltage 


2.5 



V 



CAPACITANCE T A = 25°C, f = 1.0 MHz 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Conditions 

Min 

Max 

C IN 

Address/Control Capacitance 

3 


6 

PF 

> 

o 

II 

z 

> 

C OUT 

Output Capacitance 

3 


12 

PF 

Vqut = ov 


NOTES: 

1. All currents are in RMS unless otherwise noted. Typical values at Vcc = 5.0V, Vpp = 12.0V, T = + 25°C. These 
currents are valid for all product versions (packages and speeds). 

2. Not 100% tested: characterization data available. 

3. Sampled, not 100% tested. 

4. “Typicals” are not guaranteed, but based on a limited number of samples from production lots. 
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AC TESTING INPUT/OUTPUT WAVEFORM AC TESTING LOAD CIRCUIT 


2.4 

INPUT V 
0.45 — ' 


L 2.0 

Q 8 TEST POINTS 

1 


— XXXXXX 

Q° 8 2> test POINTS 

AC Testing: Inputs are driven at 2.4V 
a logic “0”. Testing measurements 
“1” and 0.8V for a logic “0”. Rise/F 

290204-8 

for a logic “1” and 0.45V for 
are made at 2.0V for a logic 
: all time ^ 10 ns. 



AC TEST CONDITIONS 

Input Rise and Fall Times (10% to 90%) 10 ns 


Input Pulse Levels 0.45V and 2.4V 

Input Timing Reference Level 0.8V and 2.0 V 

Output Timing Reference Level 0.8V and 2.0V 


AC CHARACTERISTICS— Read-Only Operations^) 


Versions 

Notes 

28F512-120 

28F512-150 

28F512-200 

Unit 

Symbol 

Characteristic 

Min 

Max 

Min 

Max 

Min 

Max 

tAVAV/tRC 

Read Cycle Time 

3 

120 


150 


200 


ns 

tELQV/tCE 

Chip Enable Access Time 



120 


150 


200 

ns 

tAVQv/tACC 

Address Access Time 



120 


150 


200 

ns 

tGLQv/tOE 

Output Enable Access Time 



50 


55 


60 

ns 

tELQX/tLZ 

Chip Enable to Output in Low Z 

3 

0 


0 


0 


ns 

tEHQZ 

Chip Disable to Output in High Z 

3 


55 


55 


55 

ns 

tGLQX/tOLZ 

Output Enable to Output in 

Low Z 

3 

0 


0 


0 


ns 

tGHQZ/tDF 

Output Disable to Output in 

High Z 

4 


30 


35 


40 

ns 

tOH 

Output Hold from Address, CE, 
or OE ChangeO) 

3 

0 


0 


0 


ns 

tWHGL 

Write Recovery Time 
before Read 


6 


6 


6 


fJiS 


NOTES: 

1 . Whichever occurs first. 

2. Rise/Fall Time ^ 10 ns. 

3. Not 100% tested: characterization data available. 

4. Guaranteed by design. 
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Figure 6. AC Waveforms for Read Operations 
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AC CHARACTERISTICS— Write/Erase/Program Operations^. 2) 


Versions 

Notes 

28F512-120 

28F512-150 

28F51 2-200 

Unit 

Symbol 

Characteristic 

Min 

Max 

Min 

Max 

Min 

Max 

tAVAv/twC 

Write Cycle Time 


120 


150 


200 


ns 

tAVWL/tAS 

Address Set-Up Time 


0 


0 


0 


ns 

tWLAX/tAH 

Address Hold Time 


60 


60 


75 


ns 

tr\v AA/u/tno 

Data Set-up Time 


50 


50 


50 


ns 

tWHDX^DH 

Data Hold Time 


10 


10 


10 


ns 

tWHGL 

Write Recovery Time before Read 


6 


6 


6 


flS 

tGHWL 

Read Recovery Time before Write 


0 


0 


0 


JLlS 

tELWL/tcS 

Chip Enable Set-Up Time before 

Write 


20 


20 


20 


ns 

tWHEH^CH 

Chip Enable Hold Time 


0 


0 


0 


ns 

tWLWH/tWP 

Write Pulse Width 

2 







ISIS 

tWHWL/tWPH 

Write Pulse Width High 









tWHWHI 

Duration of Programming Operation 

3 

10 


10 


10 


JLtS 

*WHWH2 

Duration of Erase Operation 

3 

9.5 


9.5 


9.5 


ms 

tVPEL 

Vpp Set-Up Time to Chip Enable Low 


1.0 


1.0 


1.0 


fJLS 


NOTES: 

1 . Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC Char- 
acteristics for Read-Only Operations. 

2. Rise/Fall time ^ 10 ns. 

3. The integrated stop timer terminates the programming/erase operations, thereby eliminating the need for a maximum 
specification. 


ERASE AND PROGRAMMING PERFORMANCE 


Parameter 

Notes 

Limits 

Unit 

28F512-120 

28F512-150 

28F5 12-200 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Chip Erase 
Time 

1,3,4 


1 

10 


1 

10 


1 

30 

Sec 

Chip 

Program 

Time 

1,2,4 


1 

6.25 


1 

6.25 


1 

6.25 

Sec 

Erase/ 

Program 

Cycles 

1,5 

10,000 

100,000 


10,000 

100,000 


10,000 

100,000 


Cycles 


NOTES: 

1. “Typicals” are not guaranteed, but based on a limited number of samples from production lots. Data taken at 25°C, 12.0V 
Vpp. 

2. Minimum byte programming time excluding system overhead is 16 ^s (10 jas program + 6 jus write recovery), while 
maximum is 400 jxs/byte (16 jas x 25 loops allowed by algorithm). Max chip programming time is specified lower than the 
worst case allowed by the programming algorithm since most bytes program significantly faster than the worst case byte. 

3. Excludes 00H Programming Prior to Erasure. 

4. Excludes System-Level Overhead. 

5. Refer to RR-60 “ETOXtm || Flash Memory Reliability Data Summary” for typical cycling data and failure rate calculations. 
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Figure 11. AC Waveforms for Programming Operations 
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ALTERNATIVE CE-CONTROLLED WRITES 


Versions 

Notes 

28F512-120 

28F512-150 

28F5 12-200 

m 

Symbol 

Characteristic 

Min 

Max 

Min 

Max 

Min 

Max 

tAVAV 

Write Cycle 

Time 


120 


150 


200 


HI 

*AVEL 

Address Set- 
Up Time 


0 


0 


0 


Q 

*ELAX 

Address Hold 
Time 


8U 


60 




1 1=> 

*DVEH 

Data Set-Up 

Time 


50 


50 


50 


ns 

*EHDX 

Data Hold 

Time 


10 


10 


10 


ns 

tEHGL 

Write 

Recovery Time 
before Read 


6 


6 


6 


fJLS 

tGHEL 

Read 

Recovery Time 
before Write 


0 


0 


0 


JLtS 

tWLEL 

Write Enable 
Set-Up Time 
before Chip 
Enable 


0 


0 


0 


ns 

tEHWH 

Write Enable 

Hold Time 


0 


0 


0 


ns 

tELEH 

Write Pulse 

Width 

1 

70 


70 


80 


ns 

tEHEL 

Write Pulse 

Width High 


20 


20 


20 


ns 

tvPEL 

Vpp Set-Up 

Time to Chip 
Enable Low 


1.0 


1.0 

j 


1.0 


fJLS 


NOTE: 

1. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the write pulse width (within a longer Write-Enable timing waveform) all set-up, hold and 
inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 
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Ordering Information 



Valid Combinations: 


P28F51 2-1 20 N28F51 2-1 20 

P28F512-150 N28F512-150 

P28F51 2-200 N28F51 2-200 


ADDITIONAL INFORMATION Order Number 

ER-20, “ETOXtm || Flash Memory Technology” 294005 

ER-23, “The Intel 28F51 2 Flash Memory” 294007 

RR-60, “ETOXtm || Flash Memory Reliability Data Summary” 293002 

AP-31 6, “Using Flash Memory for In-System Reprogrammable 292046 

Nonvolatile Storage” 

AP-325 “Guide to Flash Memory Reprogramming” 292059 
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1024K (128K x 8) CMOS FLASH MEMORY 


■ Flash Electrical Chip-Erase 

— 1 Second Typical Chip-Erase 

■ Quick-Pulse ProgrammingTM Algorithm 

— 10 jus Typical Byte-Program 

— 2 Second Chip-Program 

■ 10.000 Erase/Program Cycles Minimum 

■ 12.0V ±5% V PP 

■ High-Performance Read 

— 120 ns Maximum Access Time 

■ CMOS Low Power Consumption 

— 10 mA Typical Active Current 

— 50 jmA Typical Standby Current 

— 0 Watts Data Retention Power 

■ Integrated Program/Erase Stop Timer 


■ Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

■ Noise Immunity Features 
— ± 10% Vqc Tolerance 

— Maximum Latch-Up Immunity 

ihruugh Eri FroCeSSiny 

■ ETOX™ II Nonvolatile Flash 
Technology 

— EPROM-Compatible Process Base 
— High-Volume Manufacturing 
Experience 

■ JEDEC-Standard Pinouts 
— - 32-Pin Plastic Dip 
-32-Lead PLCC 
-32-Lead TSOP 

(See Packaging Spec., Order #231369) 


Intel’s 28F010 CMOS flash memory offers the most cost-effective and reliable alternative for read/write 
random access nonvolatile memory. The 28F010 adds electrical chip-erasure and reprogramming to familiar 
EPROM technology. Memory contents can be rewritten: in a test socket; in a PROM-programmer socket; on- 
board during subassembly test; in-system during final test; and in-system after-sale. The 28F010 increases 
memory flexibility, while contributing to time- and cost-savings. 

The 28F010 is a 1024-kilobit nonvolatile memory organized as 131,072 bytes of 8 bits. Intel’s 28F010 is 
offered in 32-pin plastic dip or 32-lead PLCC and TSOP packages. Pin assignments conform to JEDEC 
standards for byte-wide EPROMs. 

Extended erase and program cycling capability is designed into Intel’s ETOX II (EPROM Tunnel Oxide) pro- 
cess technology. Advanced oxide processing, an optimized tunneling structure, and lower electric field com- 
bine to extend reliable cycling beyond that of traditional EEPROMs. With the 12.0V Vpp supply, the 28F010 
performs a minimum of 10,000 erase and program cycles well within the time limits of the Quick-Pulse Pro- 
grammingTM and Quick-EraseTM algorithms. 

Intel’s 28F010 employs advanced CMOS circuitry for systems requiring high-performance access speeds, low 
power consumption, and immunity to noise. Its 120 nanosecond access time provides no-WAIT-state perform- 
ance for a wide range of microprocessors and microcontrollers. Maximum standby current of 100 jaA trans- 
lates into power savings when the device is deselected. Finally, the highest degree of latch-up protection is 
achieved through Intel’s unique EPI processing. Prevention of latch-up is provided for stresses up to 100 mA 
on address and data pins, from -IV to Vqc + IV. 

With Intel’s ETOX II process base, the 28F010 levers years of EPROM experience to yield the highest levels of 
quality, reliability, and cost-effectiveness. 


6-55 


November 1990 
Order Number: 290207-006 


28F010 


inteT 


dq 0 -dq 7 



Figure 1. 28F010 Block Diagram 
Table 1. Pin Description 



Type 

Name and Function 



ADDRESS INPUTS for memory addresses. Addresses are internally 
latched during a write cycle. 

DQ 0 -DQ 7 

INPUT/OUTPUT 

DATA INPUT/OUTPUT: Inputs data during memory write cycles; 
outputs data during memory read cycles. The data pins are active high 
and float to tri-state OFF when the chip is deselected or the outputs 
are disabled. Data is internally latched during a write cycle. 

CE 

INPUT 

CHIP ENABLE: Activates the device’s control logic, input buffers, 
decoders and sense amplifiers. CE is active low; CE high deselects the 
memory device and reduces power consumption to standby levels. 

OE 

INPUT 

OUTPUT ENABLE: Gates the devices output through the data buffers 
during a read cycle. OE is active low. 

We 

INPUT 

WRITE ENABLE: Controls writes to the control register and the array. 
Write enable is active low. Addresses are latched on the falling edge 
and data is latched on the rising edge of the WE pulse. 

Note: With Vpp ^ 6.5V, memory contents cannot be altered. 



ERASE/PROGRAM POWER SUPPLY for writing the command 
register, erasing the entire array, or programming bytes in the array. 

Vcc 


DEVICE POWER SUPPLY (5V ±10%) 

Vss 


GROUND 

NC 


NO INTERNAL CONNECTION to device. Pin may be driven or left 
floating. 
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APPLICATIONS 

The 28F010 flash memory provides nonvolatility 
along with the capability to typically perform over 
100,000 electrical chip-erasure/reprogram cycles. 
These features make the 28F010 an innovative al- 
ternative to disk, EEPROM, and battery-backed stat- 
ic RAM. Where periodic updates of code and data- 
tables are required, the 28F010’s reprogrammability 
and nonvolatility make it the obvious and ideal re- 
placement for EPROM. 

Primary applications and operating systems stored 
in flash eliminate the slow disk-to-DRAM download 
process. This results in dramatic enhancement of 
performance and substantial reduction of power 
consumption — a consideration particularly impor- 
tant in portable equipment. Flash memory increases 
flexibility with electrical chip erasure and in-system 
update capability of operating systems and applica- 
tion code. With updatable BIOS, system manufactur- 
ers can easily accommodate last-minute changes as 
revisions are made. 

In diskless workstations and terminals, network traf- 
fic reduces to a minimum and systems are instant- 
on. Reliability exceeds that of electromechanical 
media. Often in these environments, power interrup- 
tions force extended re-boot periods for all net- 
worked terminals. This mishap is no longer an issue 
if boot code, operating systems, communication pro- 
tocols and primary applications are flash-resident in 
each terminal. 

For embedded systems that rely on dynamic RAM/ 
disk for main system memory or nonvolatile backup 
storage, the 28F010 flash memory offers a solid 
state alternative in a minimal form factor. The 
28F010 provides higher performance, lower power 
consumption, instant-on capability, and allows an 
“execute in place” memory hierarchy for code and 
data table reading. Additionally, the flash memory is 
more rugged and reliable in harsh environments 
where extreme temperatures and shock can cause 
disk-based systems to fail. 

The need for code updates pervades all phases of a 
system’s life — from prototyping to system manufac- 
ture to after-sale service. The electrical chip-erasure 
and reprogramming ability of the 28F010 allows in- 
circuit alterability; this eliminates unnecessary han- 
dling and less-reliable socketed connections, while 
adding greater test, manufacture, and update flexi- 
bility. 


Material and labor costs associated with code 
changes increases at higher levels of system inte- 
gration — the most costly being code updates after 
sale. Code “bugs”, or the desire to augment system 
functionality, prompt after-sale code updates. Field 
revisions to EPROM-based code requires the re- 
moval of EPROM components or entire boards. With 
the 28F010, code updates are implemented locally 
via an edge-connector, or remotely over a commun- 
cation link. 

For systems currently using a high-density static 
RAM/battery configuration for data accumulation, 
flash memory’s inherent nonvolatility eliminates the 
need for battery backup. The concern for battery 
failure no longer exists, an important consideration 
for portable equipment and medical instruments, 
both requiring continuous performance. In addition, 
flash memory offers a considerable cost advantage 
over static RAM. 

Flash memory’s electrical chip erasure, byte pro- 
grammability and complete nonvolatility fit well with 
data accumulation and recording needs. Electrical 
chip-erasure gives the designer a “blank slate” in 
which to log or record data. Data can be periodically 
off-loaded for analysis and the flash memory erased 
producing a new “blank slate”. 

A high degree of on-chip feature integration simpli- 
fies memory-to-processor interfacing. Figure 4 de- 
picts two 28F010S tied to the 80C186 system bus. 
The 28F010’s architecture minimizes interface cir- 
cuitry needed for complete in-circuit updates of 
memory contents. 

The outstanding feature of the TSOP (Thin Small 
Outline Package) is the 1.2 mm thickness. With stan- 
dard and reverse pin configurations, TSOP reduces 
the number of board layers and overall volume nec- 
essary to layout multiple 28F010s. TSOP is particu- 
larly suited for portable equipment and applications 
requiring large amounts of flash memory. Figure 3 
illustrates the TSOP Serpentine layout. 

With cost-effective in-system reprogramming, ex- 
tended cycling capability, and true nonvolatility, 
the 28F010 offers advantages to the alternatives: 
EPROMs, EEPROMs, battery backed static RAM, 
or disk. EPROM-compatible read specifications, 
straight-forward interfacing, and in-circuit alterability 
offers designers unlimited flexibility to meet the high 
standards of today’s designs. 
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290207-4 

Figure 4. 28F010 in a 80C186 System 


PRINCIPLES OF OPERATION 

Flash-memory augments EPROM functionality with 
in-circuit electrical erasure and reprogramming. The 
28F010 introduces a command register to manage 
this new functionality. The command register allows 
for: 100% TTL-level control inputs; fixed power sup- 
plies during erasure and programming; and maxi- 
mum EPROM compatibility. 

In the absence of high voltage on the Vpp pin, the 
28F010 is a read-only memory. Manipulation of the 
external memory-control pins yields the standard 
EPROM read, standby, output disable, and int e ligent 
IdentifierTM operations. 

The same EPROM read, standby, and output disable 
operations are available when high voltage is ap- 
plied to the Vpp pin. In addition, high voltage on Vpp 
enables erasure and programming of the device. All 
functions associated with altering memory con- 
tents — int e ligent Identifier, erase, erase verify, pro- 
gram, and program verify — are accessed via the 
command register. 

Commands are written to the register using standard 
microprocessor write timings. Register contents 
serve as input to an internal state-machine which 
controls the erase and programming circuitry. Write 
cycles also internally latch addresses and data 


needed for programming or erase operations. With 
the appropriate command written to the register, 
standard microprocessor read timings output array 
data, access the int e ligent Identifier codes, or output 
data for erase and program verification. 


Integrated Stop Timer 

Successive command write cycles define the dura- 
tions of program and erase operations; specifically, 
the program or erase time durations are normally 
terminated by associated program or erase verify 
commands. An integrated stop timer provides simpli- 
fied timing control over these operations; thus elimi- 
nating the need for maximum program/erase timing 
specifications. Programming and erase pulse dura- 
tions are minimums only. When the stop timer termi- 
nates a program or erase operation, the device en- 
ters an inactive state and remains inactive until re- 
ceiving the appropriate verify or reset command. 


Write Protection 

The command register is only active when Vpp is at 
high voltage. Depending upon the application, the 
system designer may choose to make the Vpp pow- 
er supply switchable — available only when memory 
updates are desired. When Vpp = Vpp|_, the con- 
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Table 2. 28F010 Bus Operations 


Pins 

Vpp(l) 

A 0 

Ag 

CE 

OE 

WE 

DQq“DQ7 

Operation 

READ-ONLY 

Read 

VppL 

A 0 

Ag 

V|L 

V|L 

V|H 

Data Out 

Output Disable 

VppL 

X 

X 

V|L 

V|H 

V|H 

T ri-State 

Standby 

VpPL 

X 

X 

V| H 

X 

X 

Tri-State 

int e ligent IdentifierTM (Mfr)( 2 ) 

Vppi 

V|L 

V| D < 3 > 

V|L 

V|L 

V|H 

Data = 89H 

int e ligent IdentifierTM (Device)( 2 ) 

_i 

CL 

CL 

> 

V| H 

CO 

Q 

> 

V|L 

V|L 

V|H 

Data = B4H 

READ/WRITE 

Read 

VPPH 

A o 

A 9 

V|L 

V| L 

V| H 

Data Out( 4 ) 

Output Disable 

V PPH 

X 

X 

V|L 

V|H 

V|H 

Tri-State 

Standby( 5 ) 

VppH 

X 

X 

V| H 

X 

X 

Tri-State 

Write 

V PPH 

Ao 

Ag 

V|L 

V|H 

V|L 

Data ln( 6 ) 


NOTES: 

1 . Refer to DC Characteristics. When Vpp = Vppi_ memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 3. All other 
addresses low. 

3. Vid is the int e ligent Identifier high voltage. Refer to DC Characteristics. 

4. Read operations with Vpp = Vppn may access array data or the int e ligent IdentifierTM codes. 

5. With Vpp at high voltage, the standby current equals Iqc + Ipp (standby). 

6. Refer to Table 3 for valid Data-In during a write operation. 

7. X can be Vil or V|h- 


tents of the register default to the read command, 
making the 28F010 a read-only memory. In this 
mode, the memory contents cannot be altered. 

Or, the system designer may choose to “hardwire” 
Vpp, making the high voltage supply constantly 
available. In this case, all Command Register func- 
tions are inhibited whenever Vqc is below the write 
lockout voltage V|_ko- (See Power Up/Down Protec- 
tion) The 28F010 is designed to accommodate ei- 
ther design practice, and to encourage optimization 
of the processor-memory interface. 

BUS OPERATIONS 
Read 

The 28F010 has two control functions, both of which 
must be logically active, to obtain data at the out- 
puts. Chip-Enable (CE) is the power control and 
should be used for device selection. Output-Enable 
(OE) is the output control and should be used to 
gate data from the output pins, independent of de- 
vice selection. Refer to AC read timing waveforms. 

When Vpp is high (Vppn), the read operation can be 
used to access array data, to output the int e ligent 
IdentifierTM codes, and to access data for program/ 


erase verification. When Vpp is low (Vppl), the read 
operation can only access the array data. 

Output Disable 

With Output-Enable at a logic-high level (Vih), output 
from the device is disabled. Output pins are placed 
in a high-impedance state. 

Standby 

With Chip-Enable at a logic-high level, the standby 
operation disables most of the 28F010’s circuitry 
and substantially reduces device power consump- 
tion. The outputs are placed in a high-impedance 
state, independent of the Output-Enable signal. 
If the 28F010 is deselected during erasure, pro- 
gramming, or program/erase verification, the 
device draws active current until the operation is 
terminated. 


int e ligent IdentifierTM Operation 

The intgligent Identifier operation outputs the manu- 
facturer code (89H) and device code (B4H). Pro- 
gramming equipment automatically matches the de- 
vice with its proper erase and programming algo- 
rithms. 
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With Chip-Enable and Output-Enable at a logic low 
level, raising A9 to high voltage Vid (see DC Charac- 
teristics) activates the operation. Data read from lo- 
cations 0000H and 0001 H represent the manufac- 
turer’s code and the device code, respectively. 

The manufacturer- and device-codes can also be 
read via the command register, for instances where 
the 28F010 is erased and reprogrammed in the tar- 
get system. Following a write of 90H to the com- 
mand register, a read from address location 0000H 
outputs the manufacturer code (89H). A read from 
address 0001 H outputs the device code (B4H). 

Write 

Device erasure and programming are accomplished 
via the command register, when high voltage is ap- 
plied to the Vpp pin. The contents of the register 
serve as input to the internal state-machine. The 
state-machine outputs dictate the function of the 
device. 

The command register itself does not occupy an ad- 
dressable memory location. The register is a latch 


Table 3. Command Definitions 


Command 

Bus 

Cycles 

Req’d 

First Bus Cycle 

Second Bus Cycle 

Operation* 1 ) 

Address* 2 ) 

Data* 3 ) 

Operation* 1 ) 

Address* 2 ) 

Data* 3 ) 

Read Memory 

1 

Write 

X 

00H 




Read int e ligent IdentifierTM 
Codes( 4 ) 

3 

Write 

X 

90H 

Read 

(4) 

(4) 

Set-up Erase/ Erased) 

2 

Write 

X 

20H 

Write 

X 

20 H 

Erase Verify* 6 ) 

2 

Write 

EA 

AOH 

Read 

X 

EVD 

Set-up Program/ Program* 6 ) 

2 

Write 

X 

40H 

Write 

PA 

PD 

Program Verify* 6 ) 

2 

Write 

X 

COH 

Read 

X 

PVD 

Reset* 7 ) 

2 

Write 

X 

FFH 

Write 

X 

FFH 


used to store the command, along with address and 
data information needed to execute the command. 

The command register is written by bringing Write- 
Enable to a logic-low level (V||_), while Chip-Enable is 
low. Addresses are latched on the falling edge of 
Write-Enable, while data is latched on the rising 
edge of the Write-Enable pulse. Standard microproc- 
essor write timings are used. 

Refer to AC Write Characteristics and the Erase/ 
Programming Waveforms for specific timing 
parameters. 

COMMAND DEFINITIONS 

When low voltage is applied to the Vpp pin, the con- 
tents of the command register default to 00H, en- 
abling read-only operations. 

Placing high voltage on the Vpp pin enables read/ 
write operations. Device operations are selected by 
writing specific data patterns into the command reg- 
ister. Table 3 defines these 28F010 register 
commands. 


N0TES: 

1. Bus operations are defined in Table 2. 

2. IA = Identifier address: 00H for manufacturer code, 01 H for device code. 

EA = Address of memory location to be read during erase verify. 

PA = Address of memory location to be programmed. 

Addresses are latched on the falling edge of the Write-Enable pulse. 

3. ID = Data read from location IA during device identification (Mfr = 89H, Device = B4H). 

EVD = Data read from location EA during erase verify. 

PD = Data to be programmed at location PA. Data is latched on the rising edge of Write-Enable. 

PVD = Data read from location PA during program verify. PA is latched on the Program command. 

4. Following the Read int e ligent ID command, two read operations access manufacturer and device codes. 

5. Figure 6 illustrates the Quick-Erase™ Algorithm. 

6. Figure 5 illustrates the Quick-Pulse Programming™ Algorithm. 

7. The second bus cycle must be followed by the desired command register write. 
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Read Command 

While Vpp is high, for erasure and programming, 
memory contents can be accessed via the read 
command. The read operation is initiated by writing 
00H into the command register. Microprocessor 
read cycles retrieve array data. The device remains 
enabled for reads until the command register con- 
tents are altered. 

The default coriienis uf Li its ittyisitJi upon Vpp pow- 
er-up is 00H. This default value ensures that no spu- 
rious alteration of memory contents occurs during 
the Vpp power transition. Where the Vpp supply is 
hard-wired to the 28F010, the device powers-up and 
remains enabled for reads until the command-regis- 
ter contents are changed. Refer to the AC Read 
Characteristics and Waveforms for specific timing 
parameters. 

int e ligent Identifier^ Command 

Flash-memories are intended for use in applications 
where the local CPU alters memory contents. As 
such, manufacturer- and device-codes must be ac- 
cessible while the device resides in the target sys- 
tem. PROM programmers typically access signature 
codes by raising A9 to a high voltage. However, mul- 
tiplexing high voltage onto address lines is not a de- 
sired system-design practice. 

The 28F010 contains an int e ligent Identifier opera- 
tion to supplement traditional PROM-programming 
methodology. The operation is initiated by writing 
90H into the command register. Following the com- 
mand write, a read cycle from address 0000 H re- 
trieves the manufacturer code of 89H. A read cycle 
from address 0001 H returns the device code of 
B4H. To terminate the operation, it is necessary to 
write another valid command into the register. 

Set-up Erase/Erase Commands 

Set-up Erase is a command-only operation that 
stages the device for electrical erasure of all bytes in 
the array. The set-up erase operation is performed 
by writing 20H to the command register. 

To commence chip-erasure, the erase command 
(20H) must again be written to the register. The 
erase operation begins with the rising edge of the 
Write-Enable pulse and terminates with the rising 
edge of the next Write-Enable pulse (i.e., Erase-Veri- 
fy Command). 

This two-step sequence of set-up followed by execu- 
tion ensures that memory contents are not acciden- 
tally erased. Also, chip-erasure can only occur when 
high voltage is applied to the Vpp pin. In the absence 


of this high voltage, memory contents are protected 
against erasure. Refer to AC Erase Characteristics 
and Waveforms for specific timing parameters. 

Erase-Verify Command 

The erase command erases all bytes of the array in 
parallel. After each erase operation, all bytes must 
be verified. The erase verify operation is initiated by 
writing A0H into the command register. The address 
for the byte to be verified must be supplied as it is 
latched on the falling edge of the Write-Enable 
pulse. The register write terminates the erase opera- 
tion with the rising edge of its Write-Enable pulse. 

The 28F010 applies an internally-generated margin 
voltage to the addressed byte. Reading FFH from 
the addressed byte indicates that all bits in the byte 
are erased. 

The erase-verify command must be written to the 
command register prior to each byte verification to 
latch its address. The process continues for each 
byte in the array until a byte does not return FFH 
data, or the last address is accessed. 

In the case where the data read is not FFH, another 
erase operation is performed. (Refer to Set-up 
Erase/Erase). Verification then resumes from the 
address of the last-verified byte. Once all bytes in 
the array have been verified, the erase step is com- 
plete. The device can be programmed. At this point, 
the verify operation is terminated by writing a valid 
command (e.g. Program Set-up) to the command 
register. Figure 6, the Quick-EraseTM algorithm, illus- 
trates how commands and bus operations are com- 
bined to perform electrical erasure of the 28F010. 
Refer to AC Erase Characteristics and Waveforms 
for specific timing parameters. 

Set-up Program/Program Commands 

Set-up program is a command-only operation that 
stages the device for byte programming. Writing 40H 
into the command register performs the set-up 
operation. 

Once the program set-up operation is performed, 
the next Write-Enable pulse causes a transition to 
an active programming operation. Addresses are in- 
ternally latched on the falling edge of the Write-En- 
able pulse. Data is internally latched on the rising 
edge of the Write-Enable pulse. The rising edge of 
Write-Enable also begins the programming opera- 
tion. The programming operation terminates with the 
next rising edge of Write-Enable, used to write the 
program-verify command. Refer to AC Programming 
Characteristics and Waveforms for specific timing 
parameters. 
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Program-Verify Command 

The 28F010 is programmed on a byte-by-byte basis. 
Byte programming may occur sequentially or at ran- 
dom. Following each programming operation, the 
byte just programmed must be verified. 

The program-verity operation is initiated by writing 
COH into the command register. The register write 
terminates the programming operation with the ris- 
ing edge of its Write-Enable pulse. The program-ver- 
ity operation stages the device for verification of the 
byte last programmed. No new address information 
is latched. 

The 28F010 applies an internally-generated margin 
voltage to the byte. A microprocessor read cycle 
outputs the data. A successful comparison between 
the programmed byte and true data means that the 
byte is successfully programmed. Programming then 
proceeds to the next desired byte location. Figure 5, 
the 28F010 Quick-Pulse Programming™ algorithm, 
illustrates how commands are combined with bus 
operations to perform byte programming. Refer to 
AC Programming Characteristics and Waveforms for 
specific timing parameters. 

Reset Command 

A reset command is provided as a means to safely 
abort the erase- or program-command sequences. 
Following either set-up command (erase or program) 
with two consecutive writes of FFH will safely abort 
the operation. Memory contents will not be altered. 
A valid command must then be written to place the 
device in the desired state. 


EXTENDED ERASE/PROGRAM CYCLING 

EEPROM cycling failures have always concerned 
users. The high electrical field required by thin oxide 
EEPROMs for tunneling can literally tear apart the 
oxide at defect regions. To combat this, some sup- 
pliers have implemented redundancy schemes, re- 
ducing cycling failures to insignificant levels. Howev- 
er, redundancy requires that cell size be doubled— 
an expensive solution. 

Intel has designed extended cycling capability into 
its ETOX II flash memory technology. Resulting im- 
provements in cycling reliability come without in- 
creasing memory cell size or complexity. First, an 
advanced tunnel oxide increases the charge carry- 
ing ability ten-fold. Second, the oxide area per cell 
subjected to the tunneling electric field is one-tenth 
that of common EEPROMs, minimizing the probabili- 
ty of oxide defects in the region. Finally, the peak 
electric field during erasure is approximately 
2 MV/cm lower than EEPROM. The lower electric 


field greatly reduces oxide stress and the probability 
of failure — increasing time to wearout by a factor of 
100 , 000 , 000 . 

The 28F010 is specified for a minimum of 10,000 
program/erase cycles. The device is programmed 
and erased using Intel’s Quick-Pulse Program- 
ming™ and Quick-Erase™ algorithms. Intel’s algo- 
rithmic approach uses a series of operations (puls- 
es), along with byte verification, to completely and 
reliably erase and program the device. 

For further information, see Reliability Report RR-60. 

QUICK-PULSE PROGRAMMING™ ALGORITHM 

The Quick-Pulse Programming algorithm uses pro- 
gramming operations of 10 juts duration. Each opera- 
tion is followed by a byte verification to determine 
when the addressed byte has been successfully pro- 
grammed. The algorithm allows for up to 25 pro- 
gramming operations per byte, although most bytes 
verify on the first or second operation. The entire 
sequence of programming and byte verification is 
performed with Vpp at high voltage. Figure 5 illus- 
trates the Quick-Pulse Programming algorithm. 

quick-erase™ algorithm 

Intel’s Quick-Erase algorithm yields fast and reliable 
electrical erasure of memory contents. The algo- 
rithm employs a closed-loop flow, similar to the 
Quick-Pulse Programming™ algorithm, to simulta- 
neously remove charge from all bits in the array. 

Erasure begins with a read of memory contents. The 
28F010 is erased when shipped from the factory. 
Reading FFH data from the device would immedi- 
ately be followed by device programming. 

For devices being erased and reprogrammed, uni- 
form and reliable erasure is ensured by first pro- 
gramming all bits in the device to their charged state 
(Data = 00H). This is accomplished, using the 
Quick-Pulse Programming algorithm, in approxi- 
mately two seconds. 

Erase execution then continues with an initial erase 
operation. Erase verification (data = FFH) begins at 
address 0000H and continues through the array to 
the last address, or until data other than FFH is en- 
countered. With each erase operation, an increasing 
number of bytes verify to the erased state. Erase 
efficiency may be improved by storing the address of 
the last byte verified in a register. Following the next 
erase operation, verification starts at that stored ad- 
dress location. Erasure typically occurs in one sec- 
ond. Figure 6 illustrates the Quick-Erase algorithm. 


6-64 



inteT 


28F010 



290207-5 


Bus 

Operation 

Command 

Comments 

Standby 


Wait for Vpp Ramp to Vppn(1 ) 



Initialize Pulse-Count 

Write 

Set-up 

Program 

Data = 40H 

Write 

Program 

Valid Address/ Data 

Standby 


Duration of Program 

Operation (t W HWHi) 

Write 

Program* 2 ) 

Verify 

Data = COH; Stops Program 
Operation* 3 ) 

Standby 


tWHGL 

Read 


Read Byte to Verify 
Programming 

| 

Standby 

! 


Compare Data Output to Data 
Expected 

Write 

Read 

Data = 00H, Resets the 
Register for Read Operations 

Standby 


Wait for Vpp Ramp to Vppi_(1 ) 


NOTES: 

1. See DC Characteristics for the value of Vppn and 
VppL- 

2. Program Verify is only performed after byte program- 
ming. A final read/compare may be performed (option- 
al) after the register is written with the Read command. 


3. Refer to principles of operation. 

4. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of the de- 
vice. 



Figure 5. 28F010 Quick-Pulse Programming™ Algorithm 
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1. See DC Characteristics for the value of Vppn and 
VpPL- 

2. Erase Verify is performed only after chip-erasure. A 
final read/ compare may be performed (optional) after 
the register is written with the read command. 


Bus 

Operation 

Command 

Comments 



Entire Memory Must = 00H 
Before Erasure 



Use Quick-Pulse 
Programming™ Algorithm 
(Figure 5) 

Standby 


Wait for Vpp Ramp to V PP h(1) 



Initialize Addresses and 
Pulse-Count 

Write 

Set-up 

Erase 

Data = 20H 

Write 

Erase 

Data = 20H 

Standby 


Duration of Erase Operation 
( l WHWH2) 

Write 

Erased) 

Addr = Byte to Verify; 


Verify 

Data = AOH; Stops Erase 
Operation^) 

Standby 


fyVHGL 

Read 


Read Byte to Verify Erasure 

Standby 


Compare Output to FFH 
Increment Pulse-Count 

Write 

Read 

Data = 00H, Resets the 
Register for Read Operations 

Standby 


Wait for V PP Ramp to V PPL (1 ) 


3. Refer to principles of operation. 

4. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of the de- 
vice. 


Figure 6. 28F010 Quick-Erase™ Algorithm 
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DESIGN CONSIDERATIONS 
Two-Line Output Control 

Flash-memories are often used in larger memory ar- 
rays. Intel provides two read-control inputs to ac- 
commodate multiple memory connections. Two-line 
control provides for: 

a. the lowest possible memory power dissipation 
and, 

b. complete assurance that output bus contention 
will not occur. 

To efficiently use these two control inputs, an ad- 
dress-decoder output should drive chip-enable, 
while the system’s read signal controls all flash- 
memories and other parallel memories. This assures 
that only enabled memory devices have active out- 
puts, while deselected devices maintain the low 
power standby condition. 

Power Supply Decoupling 

Flash-memory power-switching characteristics re- 
quire careful device decoupling. System designers 
are interested in three supply current (Iqc) issues — 
standby, active, and transient current peaks pro- 
duced by falling and rising edges of chip-enable. The 
capacitive and inductive loads on the device outputs 
determine the magnitudes of these peaks. 

Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 ju,F ceramic capacitor 
connected between Vcc and Vss» and between Vpp 
and Vgs- 

Place the high-frequency, low-inherent-inductance 
capacitors as close as possible to the devices. Also, 
for every eight devices, a 4.7 ju,F electrolytic capaci- 
tor should be placed at the array’s power supply 
connection, between Vcc and Vss- The bulk capaci- 
tor will overcome voltage slumps caused by printed- 


circuit-board trace inductance, and will supply 
charge to the smaller capacitors as needed. 


Vpp Trace on Printed Circuit Boards 


Programming flash-memories, while they reside in 
the target system, requires that the printed circuit 
board designer pay attention to the Vpp power sup- 
ply trace. The Vpp pin supplies the memory cell cur- 
rent for programming. Use similar trace widths and 
layout considerations given the Vcc power bus. Ad- 


r)nA/M 


crease Vpp voltage spikes and overshoots. 


Power Up/Down Protection 

The 28F010 is designed to offer protection against 
accidental erasure or programming during power 
transitions. Upon power-up, the 28F010 is indifferent 
as to which power supply, Vpp or Vcc. powers up 
first. Power supply sequencing is not required. Inter- 
nal circuitry in the 28F010 ensures that the com- 
mand register is reset to the read mode on power 
up. 


A system designer must guard against active writes 
for Vcc voltages above V|_ko when Vpp is active. 
Since both WE and CE must be low for a command 
write, driving either to Vm will inhibit writes. The con- 
trol register architecture provides an added level of 
protection since alteration of memory contents only 
occurs after successful completion of the two-step 
command sequences. 


28F010 Power Dissipation 

When designing portable systems, designers must 
consider battery power consumption not only during 
device operation, but also for data retention during 
system idle time. Flash nonvolatility increases the 
usable battery life of your system because the 
28F010 does not consume any power to retain code 
or data when the system is off. Table 4 illustrates the 
power dissipated when updating the 28F010. 


Table 4. 28F010 Typical Update Power Dissipation^*) 


Operation 

Notes 

Power Dissipation 
(Watt-Seconds) 

Array Program/Program Verify 

1 

0.171 

Array Erase/ Erase Verify 

2 

0.136 

One Complete Cycle 

3 

0.478 


NOTES: 

1. Formula to calculate typical Program/Program Verify Power = [Vpp X 
# Bytes x typical # Prog Pulses (twHWHi x Ipp2 typical + twHGL x lpP 4 
typical)] + [Vcc x * Bytes x typical # Prog Pulses (twHWHi x Icc 2 typical 
+ twHGL x Icc 4 typical]. 

2. Formula to calculate typical Erase/ Erase Verify Power = [Vpp (Vpp 3 typical 
x tERASE typical + l PP5 typical x t WH GL x * Bytes)] + [Vcc 0CC3 typical x 
tERASE typical + Ices typical x t W HGL x * Bytes)]. 

3. One Complete Cycle = Array Preprogram + Array Erase + Program. 

4. “Typicals” are not guaranteed, but based on a limited number of samples 
from production lots. 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 

During Read 0°C to + 70°C( 1 ) 

During Erase/Program . .0°C to + 70°C 

Temperature Under Bias - 1 0°C to + 80°C 

Storage Temperature -65°C to + 125°C 

Voltage on Any Pin with 

Respebt to Ground -2.0V to + 7.0V( 2 ) 

Voltage on Pin A 9 with 

Respect to Ground -2.0V to + 13.5V( 2 - 3) 

Vp P Supply Voltage with 
Respect to Ground 

During Erase/Program -2.0V to + 14.0V( 2 - 3 ) 

Vcc Supply Voltage with 

Respect to Ground - 2.0 V to + 7.0V( 2 ) 

Output Short Circuit Current 100 mA( 4 ) 

NOTES: 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the " Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“ Operating Conditions” is not recommended and ex- 
tended exposure beyond the " Operating Conditions” 
may affect device reliability. 


1. Operating temperature is for commercial product defined by this specification. 

2. Minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods less 
than 20 ns. Maximum DC voltage on output pins is Vcc + 0.5V, which may overshoot to Vcc + 2.0V for 
periods less than 20 ns. 

3. Maximum DC voltage on Ag or Vpp may overshoot to + 14.0V for periods less than 20 ns. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 


OPERATING CONDITIONS 


Symbol 

Parameter 

Limits 

Unit 

Comments 

Min 

Max 

Ta 

Operating Temperature 

0 

70 

°C 

For Read-Only and 
Read/Write Operations 

Vcc 

Vcc Supply Voltage 

4.50 

5.50 

V 



DC CHARACTERISTICS— TTL/NMOS COMPATIBLE 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typical 

Max 

lu 

Input Leakage Current 

1 



±1.0 

fJL A 

Vcc = Vcc Max 

V|N = Vcc or V SS 

■lq 

Output Leakage Current 

1 



±10 

jjlA 

Vcc = Vcc Max 
v 0UT = Vcc or Vss 

lees 

Vcc Standby Current 

1 



1.0 

mA 

Vcc = Vcc Max 

CE = V| H 

Icci 

Vcc Active Read Current 

1 


10 

30 

mA 

Vcc = Vcc Max, = V|l 
f = 6 MHz, loUT = 0 mA 

•CC2 

Vcc Programming Current 

1,2 


1.0 

10 

mA 

Programming in Progress 

•CC3 

Vcc Erase Current 

1,2 


5.0 

15 

mA 

Erasure in Progress 

ICC4 

Vcc Program Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppH, Program 

Verify in Progress 

•CC5 

Vcc Erase Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppH, Erase 

Verify in Progress 

Irps 

Vpp Leakage Current 

1 



±10 

fJL A 

Vpp ^ Vcc 
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DC CHARACTERISTICS— TTL/NMOS COMPATIBLE (Continued) 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typical 

Max 

•ppi 

VppRead Current 
or Standby Current 

1 


90 

200 

juA 

< 

"O 

“O 

V 

o 


±10.0 

Vpp ^ Vqq 

lpP2 

Vpp Programming Current 

1,2 


8.0 

30 

mA 

Vpp = VppH 

Programming in Progress 

IPP3 

Vpp Erase Current 

i, 2 


6.0 

30 

inA 

Vpp - VppH 

Erasure in Progress 

IPP4 

Vpp Program Verify Current 

1,2 


2.0 

5.0 

mA 

Vpp = VppH, Program 

Verify in Progress 

•PP5 

Vpp Erase Verify Current 

1,2 


2.0 

5.0 

mA 

Vpp = Vppn, Erase 

Verify in Progress 

V|L 

Input Low Voltage 


-0.5 


0.8 

V 


V|H 

Input High Voltage 


2.0 


Vcc + 

V 


Vol 

Output Low Voltage 




0.45 

V 

Iol = 5.8 mA 

V CC = Vqc Min 

V OH1 

Output High Voltage 


2.4 



V 

Ioh = -2.5 mA 

Vcc = Vcc Min 

V|D 

Ag int e ligent Identifer - ™ Voltage 


11.50 


13.00 

V 


•id 

Ag int e ligent Identifier - ™ Current 

1 


90 

200 

jllA 

Ag = V|d 

VppL 

Vpp during Read-Only 
Operations 


0.00 

j 

6.5 

V 

NOTE: Erase/ Program are 
Inhibited when Vpp = Vpp[_ 

VpPH 

Vpp during Read/Write 
Operations 


11.40 


12.60 

V 


VlKO 

Vqc Erase/Write Lock Voltage 


2.5 



V 



DC CHARACTERISTICS— CMOS COMPATIBLE 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typical 

Max 

Ili 

Input Leakage Current 

1 



±1.0 

fxA 

Vcc = Vcc Max 

V|N = Vqq or Vss 

•lo 

Output Leakage Current 

1 



±10 

juA 

Vcc = Vcc Max 

VoUT = Vqq or Vss 

•ccs 

Vqq Standby Current 

1 


50 

100 

fxA 

v cc = v cc Max 

CE = Vqq ±0.2V 

Icci 

Vqc Active Read Current 

1 


10 

30 

mA 

V CC = v cc Max, CE = V|[_ 
f = 6 MHz, louT “ 0 m A 

>CC2 

Vqq Programming Current 

1,2 


1.0 

10 

mA 

Programming in Progress 

<CC3 

Vqq Erase Current 

1,2 


5.0 

15 

mA 

Erasure in Progress 

ICC4 

Vqc Program Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppH, Program 

Verify in Progress 

•CC5 

Vqq Erase Verify Current 

1,2 


5.° 

15 

mA 

Vpp = VppH, Erase 

Verify in Progress 

•pps 

Vpp Leakage Current 

1 



±10 

juA 

Vpp ^ Vqq 
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DC CHARACTERISTICS— CMOS COMPATIBLE (Continued) 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 


Min 

Typical 

Max 

Ippi 

Vpp Read Current, ID 
Current or Standby 
Current 

1 


90 

200 

fiA 

Vpp > Vcc 


±10 

Vpp ^ Vcc 

lpP2 

Vpp Programming 
Current 

1,2 


8.0 

30 

mA 

Vpp = VppH 

Programming in Progress 

'PP3 

Vpp Erase Current 

1,2 


6.0 

30 

mA 

Vpp = Vpph 

Erasure in Progress 

IPP4 

Vpp Program Verify 
Current 

1,2 


2.0 

5.0 

mA 

Vpp = Vpph, Program 

Verify in Progress 

•PP5 

Vpp Erase Verify 

Current 

1,2 


2.0 

5.0 

mA 

Vpp = Vpph, Erase 

Verify in Progress 

V|L 

Input Low Voltage 


-0.5 


0.8 

V 


V|H 

Input High Voltage 


0.7 V CC 


Vcc + 0- 5 

V 


VOL 

Output Low Voltage 




0.45 

V 

Iql = 5.8 mA 

Vcc = v cc Min 

V OH1 

Output High Voltage 


0.85 V CC 



V 

Ioh = “2.5 mA, Vcc = v cc Min 

VOH2 


d 

1 

8 

> 

Iqh = -100 julA, Vcc = Vcc Min 

V|D 

Ag int e ligent IdentiferTM 
Voltage 


11.50 





'id 

Ag int e ligent Identifier^ 
Current 

1 


90 



Ag = V|D 

VppL 

Vpp during Read-Only 
Operations 

■ 


|P 


V 

NOTE: Erase/ Programs are 
Inhibited when Vpp = Vppl 

VppH 

Vpp during Read/Write 
Operations 

■ 


■ 




v LKO 

Vqc Erase/Write Lock 
Voltage 


■ 



V 



CAPACITANCE T A = 25°C, f = 1.0 MHz 


Symbol 

Parameter 







C|N 

Address/Control Capacitance 

3 


6 

mm 


COUT 

Output Capacitance 

3 


12 

PF 



NOTES: 

1. All currents are in RMS unless otherwise noted. Typical values at V<x = 5.0V, Vpp = 12.0V, T = 25°C. These currents 
are valid for all product versions (packages and speeds). 

2. Not 100% tested: characterization data available. 

3. Sampled, not 100% tested. 

4. “Typicals” are not guaranteed, but based on a limited number of samples from production lots. 
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AC TESTING INPUT/OUTPUT WAVEFORM 


2 - 4 — yl 
INPUT y 
0.45— ' 3 


_> TEST POINTS 
r 0.8 ^ 

1 


OUTPUT XXXXXX 

-2.0 ^ 

7^>TEST POINTS 

AC Testing: Inputs are driven at 2.4 
logic “0”. Testing measurements an 
and 0.8 for a logic “0”. Rise/Fall tin 

290207-7 

for a logic “1” and 0.45 for a 
e made at 2.0 for a logic “1” 
ne £ 10 ns. 


AC TESTING LOAD CIRCUIT 


1.3V 



290207-8 

C L = 100 pF 

C[_ includes Jig Capacitance 


AC TEST CONDITIONS 

Input Rise and Fall Times (10% to 90%) 10 ns 

Input Pulse Levels 0.45 and 2.4 

Input Timing Reference Level 0.8 and 2.0 

Output Timing Reference Level 0.8 and 2.0 


AC CHARACTERISTICS— Read-Only Operations^) 


Versions 


28F010-120 

28F010-150 

28F010-200 

Unit 

Symbol 

Characteristic 

Notes 

Min 

Max 

Min 

Max 

Min 

Max 

*AVAV/tRC 

Read Cycle Time 

3 

120 


150 


200 


ns 

tELQv/tCE 

Chip Enable 

Access Time 



120 


150 


200 

ns 

> 

< 

D 

< 

X 

>■ 

O 

O 

Address Access 

Time 





nu 


200 

Q 

tGLQv/toE 

Output Enable 

Access Time 

■ 


50 


mm 



Q 

tELOX^LZ 

Chip Enable to 

Output in Low Z 

H 



0 




Q 

tEHQZ 

Chip Disable to 
Output in High Z 

H 






55 

Q 

tGLQx/toLZ 

Output Enable to 
Output in Low Z 

H 







Q 

tGHQZ/tDF 

Output Disable to 
Output in High Z 

■ 


30 


35 



Q 

tOH 

Output Hold from 
Address, CE, 
or OE Change 

1,3 

0 

■ 

0 


0 


H 

tWHGL 

Write Recovery Time 
before Read 


6 


6 



6 


JLtS 


NOTES: 

1 . Whichever occurs first. 

2. Rise/Fall Time ^ 10 ns. 

3. Not 1 00% tested: characterization data available. 

4. Guaranteed by design. 
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Figure 7. AC Waveforms for Read Operations 
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AC CHARACTERISTICS— Write/Erase/Program Operations^. 2) 


Versions 

Notes 

28F010-120 

28F010-150 

28F01 0-200 

Unit 

Symbol 

Characteristic 


Min 

Max 

Min 

Max 

Min 

Max 

tAVAV/twC 

Write Cycle Time 


120 


150 


200 


ns 

tAVWL/tAS 

Address Set-Up Time 


0 


0 


0 


ns 

tWLAX/tAH 

Address Hold Time 


60 


60 


75 


ns 

tnvwH/tns 

Data Set-Up Time 


50 


50 


50 


ns 

tWHDx/tDH 

Data Hold Time 


10 

10 


10 


ns 

tWHGL 

Write Recovery Time 
before Read 


6 


6 


6 


jttS 

tGHWL 

Read Recovery Time 
before Write 


0 


0 


0 


jltS 

tELWL/tcS 

Chip Enable 

Set-Up Time before Write 


20 


20 


20 


ns 

tWHElVtcH 

Chip Enable 

Hold Time 


0 

i 

i 

0 


0 


ns 

tWLWlVtwP 

Write Pulse Width 

2 

60 


60 


60 


ns 

tWHWL/twPH 

Write Pulse 

Width High 


20 


20 


20 


ns 

tWHWHI 

Duration of 

Programming Operation 

3 

10 


10 


10 


juts 

t\A/HWH2 

Duration of 

Erase Operation 

3 

9.5 


9.5 


9.5 


ms 

tVPEL 

Vpp Set-Up 

Time to Chip Enable Low 


1.0 


1.0 


1.0 


JLlS 


NOTES: 

1. Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC Char- 
acteristics for Read-Only Operations. 

2. Rise/Fall time ^ 10 ns. 

3. The integrated stop timer terminates the programming/erase operations, thereby eliminating the need for a maximum 
specification. 


ERASE AND PROGRAMMING PERFORMANCE 


Parameter 

Notes 

Limits 

Unit 

28F010-120 

28F010-150 

28F0 10-200 

Min 

Typ 

Max 

Min 

Typ 

Max 

Min 

Typ 

Max 

Chip Erase Time 

1,3,4 


1.0 

10' 


1.0 

10 


1.0 

30 

Sec 

Chip Program Time 

1,2,4 


2 

12.5 


2 

12.5 


2 

12.5 

Sec 

Erase/ Program Cycles 

1,5' 

10,000 

100,000 


10,000 

100,000 


10,000 

100,000 


Cycles 


NOTES: 

1. “Typicals" are not guaranteed, but based on a limited number of samples from production lots. Data taken at 25°C, 12.0V 
Vpp. 

2. Minimum byte programming time excluding system overhead is 16 jjl sec (10 jusec program + 6 jusec write recovery), 
while maximum is 400 ju,sec/byte (16 /xsec x 25 loops allowed by algorithm). Max chip programming time is specified lower 
than the worst case allowed by the programming algorithm since most bytes program significantly faster than the worst case 
byte. 

3. Excludes 00H Programming prior to Erasure. 

4. Excludes System-Level Overhead. 

5. Refer to RR-60 “ETOXtm || Flash Memory Reliability Data Summary" for typical cycling data and failure rate calculations. 
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Figure 9. 28F010 Typical Program Time at 12V 


6-74 








Figure 12. AC Waveforms for Programming Operations 
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Figure 13. AC Waveforms for Erase Operations 
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ALTERNATIVE CE-CONTROLLED WRITES 


Versions 

Notes 

28F010-120 

28F010-150 

28F01 0-200 

Unit 

Symbol 

Characteristic 

Min 

Max 

Min 

Max 

Min 

Max 

tAVAV 

Write Cycle Time 


120 


150 


200 

v 

ns 

*AVEL 

Address Set-Up Time 


0 


0 


0 


mu 

mm 

Address Hold Time 






kb 



toVEH 

Data Set-Up Time 


50 







*EHDX 

Data Hold Time 


10 


10 


10 


ns 

tEHGL 

Write Recovery Time 
before Read 


6 


6 


6 


JLtS 

tGHEL 

Read Recovery Time 
before Write 


0 


0 


0 


JLLS 

tWLEL 

Write Enable Set-Up Time 
before Chip Enable 


0 


0 


0 


ns 

tEHWH 

Write Enable Hold Time 


0 


0 


0 


ns 

tELEH 

Write Pulse Width 

1 

70 


70 


80 


ns 

tEHEL 

Write Pulse Width High 


20 


20 


20 


ns 

tyPEL 

Vpp Set-Up Time to 

Chip Enable Low 


1.0 


1.0 


1.0 


fXS 


NOTE: 

1. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the write pulse width (within a longer Write-Enable timing waveform) all set-up, hold and 
inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 
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Figure 14. Alternate AC Waveforms for Programming Operations 
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ORDERING INFORMATION 


290207-20 


ADDITIONAL INFORMATION 

Order 

Number 

ER-20, 

“ETOXtm || Flash Memory 
Technology” 

294005 

ER-24, 

“The Intel 28F010 Flash 
Memory” 

294008 

RR-60, 

“ETOXtm || Flash Memory 
Reliability Data Summary” 

293002 

AP-316, 

“Using Flash Memory for 
In-System 

Reprogrammable 

Nonvolatile Storage” 

292046 

AP-325 

“Guide to Flash Memory 
Reprogramming” 

292059 



N = 32- LEAD PLCC 120 ns 

E = STANDARD 32-LEAD TSOP 1 50 ns 

F = REVERSE 32-LEAD TSOP 200 ns 


VALID COMBINATIONS: 

P28F010-120 N28F010-120 

P28F01 0-1 50 N28F01 0-1 50 

P28F01 0-200 N28F01 0-200 

E28F010-120 F28F010-120 

E28F010-150 F28F010-150 

E28F01 0-200 F28F01 0-200 
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28F020 

2048K (256K x 8) CMOS FLASH MEMORY 


■ Flash Electrical Chip-Erase 

— 2 Second Typical Chip-Erase 

■ Quick-Pulse ProgrammingTM Algorithm 
— 10 jlxs Typical Byte-Program 

— 4 Second Chip-Program 

■ 10,000 Erase/Program Cycles Minimum 

■ 12.0V ±5% V PP 

■ High-Performance Read 

— 150 ns Maximum Access Time 

■ CMOS Low Power Consumption 
— 10 mA Typical Active Current 

— 50 |u,A Typical Standby Current 

— 0 Watts Data Retention Power 

■ Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 


■ Noise Immunity Features 

— ± 10% Vqc Tolerance 

— Maximum Latch-Up Immunity 
through EPI Processing 

m ETOX™ II Nonvolatile Flash 
Technology 

— EPROM-Cempatibie Process r?sp 
— High-Volume Manufacturing 
Experience 

■ JEDEC-Standard Pinouts 

— 32-Pin Plastic Dip 

— 32-Lead PLCC 

— 32-Lead TSOP 

■ Integrated Program/Erase Stop Timer 

(See Packaging Spec., Order #231369) 


Intel’s 28F020 CMOS flash memory offers the most cost-effective and reliable alternative for read/write 
random access nonvolatile memory. The 28F020 adds electrical chip-erasure and reprogramming to familiar 
EPROM technology. Memory contents can be rewritten: in a test socket; in a PROM-programmer socket; on- 
board during subassembly test; in-system during final test; and in-system after-sale. The 28F020 increases 
memory flexibility, while contributing to time- and cost-savings. 


The 28F020 is a 2048-kilobit nonvolatile memory organized as 262,144 bytes of 8 bits. Intel’s 28F020 is 
offered in 32-pin plastic DIP, 32-lead PLCC, and 32-lead TSOP packages. Pin assignments conform to JEDEC 
standards for byte-wide EPROMs. 


Extended erase and program cycling capability is designed into Intel’s ETOX™ II (EPROM Tunnel Oxide) 
process technology. Advanced oxide processing, an optimized tunneling structure, and lower electric field 
combine to extend reliable cycling beyond that of traditional EEPROMs. With the 12.0V Vpp supply, the 
28F020 performs a minimum of 10,000 erase and program cycles well within the time limits of the Quick-Pulse 
Programming^ and Quick-Erase™ algorithms. 


Intel’s 28F020 employs advanced CMOS circuitry for systems requiring high-performance access speeds, low 
power consumption, and immunity to noise. Its 150 nanosecond access time provides no-WAIT-state perform- 
ance for a wide range of microprocessors and microcontrollers. Maximum standby current of 100 /xA trans- 
lates into power savings when the device is deselected. Finally, the highest degree of latch-up protection is 
achieved through Intel’s unique EPI processing. Prevention of latch-up is provided for stresses up to 100 mA 
on address and data pins, from - 1 V to Vcc + 1 V. 

With Intel’s ETOX II process base, the 28F020 levers years of EPROM experience to yield the highest levels of 
quality, reliability, and cost-effectiveness. 
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Figure 1. 28F020 Block Diagram 
Table 1. Pin Description 


Symbol 

Type 

Name and Function 

Ao-A -17 

INPUT 

ADDRESS INPUTS for memory addresses. Addresses are internally 
latched during a write cycle. 

DQ 0 -DQ 7 

INPUT/OUTPUT 

DATA INPUT/OUTPUT: Inputs data during memory write cycles; 
outputs data during memory read cycles. The data pins are active high 
and float to tri-state OFF when the chip is deselected or the outputs 
are disabled. Data is internally latched during a write cycle. 

CE 

INPUT 

CHIP ENABLE: Activates the device’s control logic, input buffers, 
decoders and sense amplifiers. CE is active low; CE high deselects the 
memory device and reduces power consumption to standby levels. 

OE 

INPUT 

OUTPUT ENABLE: Gates the devices output through the data buffers 
during a read cycle. OE is active low. 

We 

INPUT 

WRITE ENABLE: Controls writes to the control register and the array. 
Write enable is active low. Addresses are latched on the falling edge 
and data is latched on the rising edge of the WE pulse. 

Note: With Vpp ^ 6.5V, memory contents cannot be altered. 

Vp P 


ERASE/PROGRAM POWER SUPPLY for writing the command 
register, erasing the entire array, or programming bytes in the array. 

Vcc 


DEVICE POWER SUPPLY (5V ±10%) 

Vss 


GROUND 
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Figure 2. 28F020 Pin Configurations 
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APPLICATIONS 

The 28F020 flash memory provides nonvolatility 
along with the capability to typically perform over 
100,000 electrical chip-erasure/reprogram cycles. 
These features make the 28F020 an innovative al- 
ternative to disk, EEPROM, and battery-backed stat- 
ic RAM. Where periodic updates of code and data- 
tables are required, the 28F020’s reprogrammability 
and nonvolatility make it the obvious and ideal re- 
placement for EPROM. 

Primary applications and operating systems stored 
in flash eliminate the slow disk-to-DRAM download 
process. This results in dramatic enhancement of 
performance and substantial reduction of power 
consumption — a consideration particularly impor- 
tant in portable equipment. Flash memory increases 
flexibility with electrical chip erasure and in-system 
update capability of operating systems and applica- 
tion code. With updatable BIOS, system manufactur- 
ers can easily accommodate last-minute changes as 
revisions are made. 

In diskless workstations and terminals, network traf- 
fic reduces to a minimum and systems are instant- 
on. Reliability exceeds that of electromechanical 
media. Often in these environments, power interrup- 
tions force extended re-boot periods for all net- 
worked terminals. This mishap is no longer an issue 
if boot code, operating systems, communication pro- 
tocols and primary applications are flash-resident in 
each terminal. 

For embedded systems that rely on dynamic RAM/ 
disk for main system memory or nonvolatile backup 
storage, the 28F020 flash memory offers a solid 
state alternative in a minimal form factor. The 
28F020 provides higher performance, lower power 
consumption, instant-on capability, and allows an 
“execute in place” memory hierarchy for code and 
data table reading. Additionally, the flash memory is 
more rugged and reliable in harsh environments 
where extreme temperatures and shock can cause 
disk-based systems to fail. 

The need for code updates pervades all phases of a 
system’s life — from prototyping to system manufac- 
ture to after-sale service. The electrical chip-erasure 
and reprogramming ability of the 28F020 allows in- 
circuit alterability; this eliminates unnecessary han- 
dling and less-reliable socketed connections, while 
adding greater test, manufacture, and update flexi- 
bility. 


Material and labor costs associated with code 
changes increases at higher levels of system inte- 
gration — the most costly being code updates after 
sale. Code “bugs”, or the desire to augment system 
functionality, prompt after-sale code updates. Field 
revisions to EPROM-based code requires the re- 
moval of EPROM components or entire boards. With 
the 28F020, code updates are implemented locally 
via an edge-connector, or remotely over a commun- 
cations link. 

For systems currently using a high-density static 
RAM/battery configuration for data accumulation, 
flash memory’s inherent nonvolatility eliminates the 
need for battery backup. The concern for battery 
failure no longer exists, an important consideration 
for portable equipment and medical instruments, 
both requiring continuous performance. In addition, 
flash memory offers a considerable cost advantage 
over static RAM. 

Flash memory’s electrical chip erasure, byte pro- 
grammability and complete nonvolatility fit well with 
data accumulation and recording needs. Electrical 
chip-erasure gives the designer a “blank slate” in 
which to log or record data. Data can be periodically 
off-loaded for analysis and the flash memory erased 
producing a new “blank slate”. 

A high degree of on-chip feature integration simpli- 
fies memory-to-processor interfacing. Figure 3 de- 
picts two 28F020s tied to the 80C186 system bus. 
The 28F020’s architecture minimizes interface cir- 
cuitry needed for complete in-circuit updates of 
memory contents. 

The outstanding feature of the TSOP (Thin Small 
Outline Package) is the 1 .2 mm thickness. With stan- 
dard and reverse pin configurations, TSOP reduces 
the number of board layers and overall volume nec- 
essary to layout multiple 28F020s. TSOP is particu- 
larly suited for portable equipment and applications 
requiring large amounts of flash memory. Figure 4 
illustrates the TSOP Serpentine layout. 

With cost-effective in-system reprogramming, ex- 
tended cycling capability, and true nonvolatility, 
the 28F020 offers advantages to the alternatives: 
EPROMs, EEPROMs, battery backed static RAM, 
or disk. EPROM-compatible read specifications, 
straight-forward interfacing, and in-circuit alterability 
offers designers unlimited flexibility to meet the high 
standards of today’s designs. 
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290245-6 

Figure 3. 28F020 in a 80C 186 System 


PRINCIPLES OF OPERATION 

Flash-memory augments EPROM functionality with 
in-circuit electrical erasure and reprogramming. The 
28F020 introduces a command register to manage 
this new functionality. The command register allows 
for: 100% TTL-level control inputs; fixed power sup- 
plies during erasure and programming; and maxi- 
mum EPROM compatibility. 

In the absence of high voltage on the Vpp pin, the 
28F020 is a read-only memory. Manipulation of the 
external memory-control pins yields the standard 
EPROM read, standby, output disable, and int e ligent 
IdentifierTM operations. 

The same EPROM read, standby, and output disable 
operations are available when high voltage is ap- 
plied to the Vpp pin. In addition, high voltage on Vpp 
enables erasure and programming of the device. All 
functions associated with altering memory con- 
tents — int e ligent Identifier, erase, erase verify, pro- 
gram, and program verify — are accessed via the 
command register. 

Commands are written to the register using standard 
microprocessor write timings. Register contents 
serve as input to an internal state-machine which 
controls the erase and programming circuitry. Write 
cycles also internally latch addresses and data 
needed for programming or erase operations. With 
the appropriate command written to the register, 


standard microprocessor read timings output array 
data, access the int e ligent Identifier codes, or output 
data for erase and program verification. 


Integrated Stop Timer 

Successive command write cycles define the dura- 
tions of program and erase operations; specifically, 
the program or erase time durations are normally 
terminated by associated program or erase verify 
commands. An integrated stop timer provides simpli- 
fied timing control over these operations; thus elimi- 
nating the need for maximum program/erase timing 
specifications. Programming and erase pulse dura- 
tions are minimums only. When the stop timer termi- 
nates a program or erase operation, the device en- 
ters an inactive state and remains inactive until re- 
ceiving the appropriate verify or reset command. 


Write Protection 

The command register is only active when Vpp is at 
high voltage. Depending upon the application, the 
system designer may choose to make the Vpp pow- 
er supply switchable — available only when memory 
updates are desired. When Vpp = Vpp|_, the con- 
tents of the register default to the read command, 
making the 28F020 a read-only memory. In this 
mode, the memory contents cannot be altered. 
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Table 2. 28F020 Bus Operations 


Pins 

Vpp(l) 

A 0 

Ag 

CE 

OE 

WE 

DQ 0 -DQ 7 

Operation 

READ-ONLY 

Read 

Vppi 

A 0 

Ag 

V|L 

V|L 

V| H 

Data Out 

Output Disable 

Vppi 

X 

X 

V|L 

VlH 

V|H 

Tri-State 

Standby 

Vppi 

X 

X 

V|H 

X 

X 

Tri-State 

int c ligent IdentifierTM (Mfr)( 2 ) 

Vppi 

Vn 

V| D (3) 

VlL 

VlL 

VlH 

Data = 89H 

int e ligent IdentifierTM (Device)! 2 ) 

VpPL 

V|H 

V| D (3) 

V,L 

VlL 

V|H 

Data = BDH 

READ/WRITE 

Read 

VpPH 

Aq 

Ag 

VlL 

V|L 

V|H 

Data OutH) 

Output Disable 

VpPH 

X 

X 

V|L 

V|H 

V|H 

Tri-State 

Standby! 5 ) 

VppH 

X 

X 

V|H 

X 

X 

Tri-State 

Write 

VpPH 

Ao 

Ag 

V|L 

V|H 

V|L 

Data ln<6) 


NOTES: 

1. Refer to DC Characteristics. When Vpp = Vppi_ memory contents can be read but not written or erased. 

2. Manufacturer and device codes may also be accessed via a command register write sequence. Refer to Table 3. All other 
addresses low. 

3. V|o is the int e ligent Identifier high voltage. Refer to DC Characteristics. 

4. Read operations with Vpp = Vppn may access array data or the int e ligent Identifier^ codes. 

5. With Vpp at high voltage, the standby current equals Ice + Ipp (standby). 

6. Refer to Table 3 for valid Data-In during a write operation. 

7. X can be Vil or V|h- 


Or, the system designer may choose to “hardwire” 
Vpp, making the high voltage supply constantly 
available. In this case, all Command Register func- 
tions are inhibited whenever Vqc is below the write 
lockout voltage Vlko- (S ee Power Up/Down Protec- 
tion.) The 28F020 is designed to accommodate ei- 
ther design practice, and to encourage optimization 
of the processor-memory interface. 

BUS OPERATIONS 

Read 

The 28F020 has two control functions, both of which 
must be logically active, to obtain data at the out- 
puts. Chip-Enable (CE) is the power control and 
should be used for device selection. Output-Enable 
(OE) is the output control and should be used 
to gate data from the output pins, independent of 
device selection. Refer to AC read timing 
waveforms. 

When Vpp is high (Vppn), the read operation can be 
used to access array data, to output the int e ligent 
Identified codes, and to access data for program/ 
erase verification. When Vpp is low (Vppi_), the read 
operation can only access the array data. 


Output Disable 

With Output-Enable at a logic-high level (Vm), output 
from the device is disabled. Output pins are placed 
in a high-impedance state. 

Standby 

With Chip-Enable at a logic-high level, the standby 
operation disables most of the 28F020’s circuitry 
and substantially reduces device power consump- 
tion. The outputs are placed in a high-impedance 
state, independent of the Output-Enable signal. 
If the 28F020 is deselected during erasure, pro- 
gramming, or program/erase verification, the 
device draws active current until the operation is 
terminated. 


int e ligent Identifier^ Operation 

The int e ligent Identifier operation outputs the manu- 
facturer code (89H) and device code (BDH). Pro- 
gramming equipment automatically matches the de- 
vice with its proper erase and programming algo- 
rithms. 
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With Chip-Enable and Output-Enable at a logic low 
level, raising A9 to high voltage V|q (see DC Charac- 
teristics) activates the operation. Data read from lo- 
cations 0000H and 0001 H represent the manufac- 
turer’s code and the device code, respectively. 

The manufacturer- and device-codes can also be 
read via the command register, for instances where 
the 28F020 is erased and reprogrammed in the tar- 
get system. Following a write of 90H to the com- 
mand register, a read from address location 0000H 
outputs the manufacturer code (89H). A read from 
address 0001 H outputs the device code (BDH). 

Write 

Device erasure and programming are accomplished 
via the command register, when high voltage is ap- 
plied to the Vpp pin. The contents of the register 
serve as input to the internal state-machine. The 
state-machine outputs dictate the function of the 
device. 

The command register itself does not occupy an ad- 
dressable memory location. The register is a latch 


Table 3. Command Definitions 


Command 

Bus 

Cycles 

Req’d 

First Bus Cycle 

Second Bus Cycle 

Operation^) 

Addressf 2 ) 

Data( 3 ) 

OperationO) 

Addressf 2 ) 

Data( 3 ) 

Read Memory 

1 

Write 

X 

00H 




Read int e ligent Identifier - ™ Codes( 4 ) 

3 

Write 

X 

90H 

Read 

(4) 

(4) 

Set-up Erase/ Erase( 5 ) 

2 

Write 

X 

20H 

Write 

X 

20H 

Erase Verify( 5 ) 

2 

Write 

EA 

A0H 

Read 

X 

EVD 

Set-up Program/Program( 6 ) 

2 

Write 

X 

40 H 

Write 

PA 

PD 

Program Verify(6) 

2 

Write 

X 

C0H 

Read 

X 

PVD 

Reset( 7 ) 

2 

Write 

X 

FFH 

Write 

X 

FFH 


used to store the command, along with address and 
data information needed to execute the command. 

The command register is written by bringing Write- 
Enable to a logic-low level (V||_), while Chip-Enable is 
low. Addresses are latched on the falling edge of 
Write-Enable, while data is latched on the rising 
edge of the Write-Enable pulse. Standard microproc- 
essor write timings are used. 

Refer to AC Write Characteristics and the Erase/ 
Programming Waveforms for specific timing 
parameters. 

COMMAND DEFINITIONS 

When low voltage is applied to the Vpp pin, the con- 
tents of the command register default to 00H, en- 
abling read-only operations. 

Placing high voltage on the Vpp pin enables read/ 
write operations. Device operations are selected by 
writing specific data patterns into the command reg- 
ister. Table 3 defines these 28F020 register 
commands. 


NOTES: 

1. Bus operations are defined in Table 2. 

2. IA = Identifier address: 00H for manufacturer code, 01 H for device code. 

EA = Address of memory location to be read during erase verify. 

PA = Address of memory location to be programmed. 

Addresses are latched on the falling edge of the Write-Enable pulse. 

3. ID = Data read from location IA during device identification (Mfr = 89H, Device = BDH). 

EVD = Data read from location EA during erase verify. 

PD = Data to be programmed at location PA. Data is latched on the rising edge of Write-Enable. 

PVD = Data read from location PA during program verify. PA is latched on the Program command. 

4. Following the Read int e ligent ID command, two read operations access manufacturer and device codes. 

5. Figure 6 illustrates the Quick-Erase™ Algorithm. 

6. Figure 5 illustrates the Quick-Pulse Programming™ Algorithm. 

7. The second bus cycle must be followed by the desired command register write. 
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Read Command 

While Vpp is high, for erasure and programming, 
memory contents can be accessed via the read 
command. The read operation is initiated by writing 
00H into the command register. Microprocessor 
read cycles retrieve array data. The device remains 
enabled for reads until the command register con- 
tents are altered. 

I he default contents or me reyisiei upon Vpp pGVv- 
er-up is 00H. This default value ensures that no spu- 
rious alteration of memory contents occurs during 
the Vpp power transition. Where the Vpp supply is 
hard-wired to the 28F020, the device powers-up and 
remains enabled for reads until the command-regis- 
ter contents are changed. Refer to the AC Read 
Characteristics and Waveforms for specific timing 
parameters. 

int e ligent Identifier™ Command 

Flash-memories are intended for use in applications 
where the local CPU alters memory contents. As 
such, manufacturer- and device-codes must be ac- 
cessible while the device resides in the target sys- 
tem. PROM programmers typically access signature 
codes by raising A9 to a high voltage. However, mul- 
tiplexing high voltage onto address lines is not a de- 
sired system-design practice. 

The 28F020 contains an int e ligent Identifier opera- 
tion to supplement traditional PROM-programming 
methodology. The operation is initiated by writing 
90H into the command register. Following the com- 
mand write, a read cycle from address 0000H re- 
trieves the manufacturer code of 89H. A read cycle 
from address 0001 H returns the device code of 
BDH. To terminate the operation, it is necessary to 
write another valid command into the register. 

Set-up Erase/Erase Commands 

Set-up Erase is a command-only operation that 
stages the device for electrical erasure of all bytes in 
the array. The set-up erase operation is performed 
by writing 20H to the command register. 

To commence chip-erasure, the erase command 
(20H) must again be written to the register. The 
erase operation begins with the rising edge of the 
Write-Enable pulse and terminates with the rising 
edge of the next Write-Enable pulse (i.e., Erase-Veri- 
fy Command). 

This two-step sequence of set-up followed by execu- 
tion ensures that memory contents are not acciden- 
tally erased. Also, chip-erasure can only occur when 
high voltage is applied to the Vpp pin. In the absence 


of this high voltage, memory contents are protected 
against erasure. Refer to AC Erase Characteristics 
and Waveforms for specific timing parameters. 

Erase-Verify Command 

The erase command erases all bytes of the array in 
parallel. After each erase operation, all bytes must 
be verified. The erase verify operation is initiated by 
writing AOH into the command register. The address 
for the byte to be verified must be supplied as it is 
latched on the falling edge of the Write-Enable 
pulse. The register write terminates the erase opera- 
tion with the rising edge of its Write-Enable pulse. 

The 28F020 applies an internally-generated margin 
voltage to the addressed byte. Reading FFH from 
the addressed byte indicates that all bits in the byte 
are erased. 

The erase-verify command must be written to the 
command register prior to each byte verification to 
latch its address. The process continues for each 
byte in the array until a byte does not return FFH 
data, or the last address is accessed. 

In the case where the data read is not FFH, another 
erase operation is performed. (Refer to Set-up 
Erase/Erase). Verification then resumes from the 
address of the last-verified byte. Once all bytes in 
the array have been verified, the erase step is com- 
plete. The device can be programmed. At this point, 
the verify operation is terminated by writing a valid 
command (e.g. Program Set-up) to the command 
register. Figure 6, the Quick-Erase™ algorithm, illus- 
trates how commands and bus operations are com- 
bined to perform electrical erasure of the 28F020. 
Refer to AC Erase Characteristics and Waveforms 
for specific timing parameters. 

Set-up Program/Program Commands 

Set-up program is a command-only operation that 
stages the device for byte programming. Writing 40H 
into the command register performs the set-up 
operation. 

Once the program set-up operation is performed, 
the next Write-Enable pulse causes a transition to 
an active programming operation. Addresses are in- 
ternally latched on the falling edge of the Write-En- 
able pulse. Data is internally latched on the rising 
edge of the Write-Enable pulse. The rising edge of 
Write-Enable also begins the programming opera- 
tion. The programming operation terminates with the 
next rising edge of Write-Enable, used to write the 
program-verify command. Refer to AC Programming 
Characteristics and Waveforms for specific timing 
parameters. 
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Program-Verity Command 

The 28F020 is programmed on a byte-by-byte basis. 
Byte programming may occur sequentially or at ran- 
dom. Following each programming operation, the 
byte just programmed must be verified. 

The program-verity operation is initiated by writing 
COH into the command register. The register write 
terminates the programming operation with the ris- 
ing edge of its Write-Enable pulse. The program-ver- 
ity operation stages the device for verification of the 
byte last programmed. No new address information 
is latched. 

The 28F020 applies an internally-generated margin 
voltage to the byte. A microprocessor read cycle 
outputs the data. A successful comparison between 
the programmed byte and true data means that the 
byte is successfully programmed. Programming then 
proceeds to the next desired byte location. Figure 5, 
the 28F020 Quick-Pulse ProgrammingTM algorithm, 
illustrates how commands are combined with bus 
operations to perform byte programming. Refer to 
AC Programming Characteristics and Waveforms for 
specific timing parameters. 

Reset Command 

A reset command is provided as a means to safely 
abort the erase- or program-command sequences. 
Following either set-up command (erase or program) 
with two consecutive writes of FFH will safely abort 
the operation. Memory contents will not be altered. 
A valid command must then be written to place the 
device in the desired state. 


EXTENDED ERASE/PROGRAM CYCLING 

EEPROM cycling failures have always concerned 
users. The high electrical field required by thin oxide 
EEPROMs for tunneling can literally tear apart the 
oxide at defect regions. To combat this, some sup- 
pliers have implemented redundancy schemes, re- 
ducing cycling failures to insignificant levels. Howev- 
er, redundancy requires that cell size be doubled— 
an expensive solution. 

Intel has designed extended cycling capability into 
its ETOX II flash memory technology. Resulting im- 
provements in cycling reliability come without in- 
creasing memory cell size or complexity. First, an 
advanced tunnel oxide increases the charge carry- 
ing ability ten-fold. Second, the oxide area per cell 
subjected to the tunneling electric field is one-tenth 
that of common EEPROMs, minimizing the probabili- 
ty of oxide defects in the region. Finally, the peak 
electric field during erasure is approximately 


2 MV/cm lower than EEPROM. The lower electric 
field greatly reduces oxide stress and the probability 
of failure — increasing time to wearout by a factor of 
100,000,000. 

The 28F020 is specified for a minimum of 10,000 
program/erase cycles. The device is programmed 
and erased using Intel’s Quick-Pulse Program- 
mingTM and Quick-EraseTM algorithms. Intel’s algo- 
rithmic approach uses a series of operations (puls- 
es), along with byte verification, to completely and 
reliably erase and program the device. 

For further information, see Reliability Report RR-60. 

QUICK-PULSE PROGRAMMINGTM ALGORITHM 

The Quick-Pulse Programming algorithm uses pro- 
gramming operations of 10 jits duration. Each opera- 
tion is followed by a byte verification to determine 
when the addressed byte has been successfully pro- 
grammed. The algorithm allows for up to 25 pro- 
gramming operations per byte, although most bytes 
verify on the first or second operation. The entire 
sequence of programming and byte verification is 
performed with Vpp at high voltage. Figure 5 illus- 
trates the Quick-Pulse Programming algorithm. 

QUICK-ERASETM ALGORITHM 

Intel’s Quick-Erase algorithm yields fast and reliable 
electrical erasure of memory contents. The algo- 
rithm employs a closed-loop flow, similar to the 
Quick-Pulse ProgrammingTM algorithm, to simulta- 
neously remove charge from all bits in the array. 

Erasure begins with a read of memory contents. The 
28F020 is erased when shipped from the factory. 
Reading FFH data from the device would immedi- 
ately be followed by device programming. 

For devices being erased and reprogrammed, uni- 
form and reliable erasure is ensured by first pro- 
gramming all bits in the device to their charged state 
(Data = 00H). This is accomplished, using the 
Quick-Pulse Programming algorithm, in approxi- 
mately four seconds. 

Erase execution then continues with an initial erase 
operation. Erase verification (data = FFH) begins at 
address 0000H and continues through the array to 
the last address, or until data other than FFH is en- 
countered. With each erase operation, an increasing 
number of bytes verify to the erased state. Erase 
efficiency may be improved by storing the address of 
the last byte verified in a register. Following the next 
erase operation, verification starts at that stored ad- 
dress location. Erasure typically occurs in two sec- 
onds. Figure 6 illustrates the Quick-Erase algorithm. 
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NOTES: 

1. See DC Characteristics for the value of Vppn and 
Vpp L . 

2. Program Verify is only performed after byte program- 
ming. A final read/compare may be performed (option- 
al) after the register is written with the Read command. 


Bus 

Operation 

Command 

Comments 

Standby 


Wait for Vpp Ramp to Vppn(1 ) 



Initialize Pulse-Count 

Write 

Set-up 

Program 

Data - 40H 

Write 

Program 

Valid Address/Data 

Standby 


Duration of Program 

Operation (t W HWHi) 

Write 

Program^) 

Verify 

Data = COH; Stops Program 
Operation^) 

Standby 


tWHGL 

Read 


Read Byte to Verify 
Programming 

Standby 

I 

! 

! 


Compare Data Output to Data 
Expected 

| 

Write 

Read 

Data = 00H, Resets the 
Register for Read Operations 

Standby 


Wait for Vpp Ramp to Vppi_(1) 


3. Refer to principles of operation. 

4. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of the de- 
vice. 


Figure 5. 28F020 Quick-Pulse Programming™ Algorithm 
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VpPL- 

2. Erase Verify is performed only after chip-erasure. A 
final read/compare may be performed (optional) after 
the register is written with the read command. 


Bus 

Operation 

Command 

Comments 



Entire Memory Must = 00H 
Before Erasure 



Use Quick-Pulse 
ProgrammingTM Algorithm 
(Figure 4) 

Standby 


Wait for V PP Ramp to V PPH (1 ) 



Initialize Addresses and 
Pulse-Count 

Write 

Set-up 

Erase 

Data = 20H 

Write 

Erase 

Data = 20 H 

Standby 


Duration of Erase Operation 
(*WHWH2) 

Write 

Standby 

Erased) 

Verify 

Addr = Byte to Verify; 

Data = AOH; Stops Erase 

Operation^) 

tWHGL 

Read 


Read Byte to Verify Erasure 

Standby 


Compare Output to FFH 
Increment Pulse-Count 

Write 

Read 

Data = 00H, Resets the 
Register for Read Operations 

Standby 


Wait for Vpp Ramp to Vppl(1) 


3. Refer to principles of operation. 

4. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of the de- 
vice. 


Figure 6. 28F020 Quick-EraseTM Algorithm 
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DESIGN CONSIDERATIONS 


Two-Line Output Control 

Flash-memories are often used in larger memory ar- 
rays. Intel provides two read-control inputs to ac- 
commodate multiple memory connections. Two-line 
control provides for: 

a. the lowest possible memory power dissipation 
and, 

b. complete assurance that output bus contention 
will not occur. 

To efficiently use these two control inputs, an ad- 
dress-decoder output should drive chip-enable, 
while the system’s read signal controls all flash- 
memories and other parallel memories. This assures 
that only enabled memory devices have active out- 
puts, while deselected devices maintain the low 
power standby condition. 


Power Supply Decoupling 

Flash-memory power-switching characteristics re- 
quire careful device decoupling. System designers 
are interested in three supply current (Ice) issues — 
standby, active, and transient current peaks pro- 
duced by falling and rising edges of chip-enable. The 
capacitive and inductive loads on the device outputs 
determine the magnitudes of these peaks. 

Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. 
Each device should have a 0.1 juF ceramic capacitor 
connected between Vcc and Vss. and between Vpp 
and V S s- 

Place the high-frequency, low-inherent-inductance 
capacitors as close as possible to the devices. Also, 
for every eight devices, a 4.7 jmF electrolytic capaci- 
tor should be placed at the array’s power supply 
connection, between Vcc and Vss- The bulk capaci- 
tor will overcome voltage slumps caused by printed- 
circuit-board trace inductance, and will supply 
charge to the smaller capacitors as needed. 


Vpp Trace on Printed Circuit Boards 

Programming flash-memories, while they reside in 
the target system, requires that the printed circuit 
board designer pay attention to the Vpp power sup- 
ply trace. The Vpp pin supplies the memory cell cur- 
rent for programming. Use similar trace widths and 
layout considerations given the Vcc power bus. Ad- 
equate Vpp supply traces and decoupling will de- 
crease Vpp voltage spikes and overshoots. 


Power Up/Down Protection 

The 28F020 is designed to offer protection against 
accidental erasure or programming during power 
transitions. Upon power-up, the 28F020 is indifferent 
as to which power supply, Vpp or Vcc. powers up 
first. Power supply sequencing is not required. 
Internal circuitry in the 28F020 ensures that the 
command register is reset to the read mode on pow- 
er up. 

A system designer must guard against active writes 
for Vcc voltages above V L ko when Vpp is active. 
Since both WE and CE must be low for a command 
write, driving either to Vjh will inhibit writes. The con- 
trol register architecture provides an added level of 
protection since alteration of memory contents only 
occurs after successful completion of the two-step 
command sequences. 


28F020 Power Dissipation 

When designing portable systems, designers must 
consider battery power consumption not only during 
device operation, but also for data retention during 
system idle time. Flash nonvolatility increases the 
usable battery life of your system because the 
28F020 does not consume any power to retain code 
or data when the system is off. Table 4 illustrates the 
power dissipated when updating the 28F020. 


Table 4. 28F020 Typical 
Update Power Dissipation( 4 ) 


Operation 

Notes 

Power Dissipation 
(Watt-Seconds) 

Array Program/Program Verify 

1 

0.34 

Array Erase/ Erase Verify 

2 

0.37 

One Complete Cycle 

3 

1.05 


NOTES: 

1. Formula to calculate typical Program/Program Verify 
Power = [Vpp x # Bytes x typical # Prog Pulse 
(twHWHi x Ipp 2 typical + twHGL x lpp 4 typical)] + [Vcc 
x # Bytes X typical # Prog Pulses (twHWHi x lcC2 typi- 
cal + t WH GL X Icc4 typical)]. 

2. Formula to calculate typical Erase/Erase Verify Power 
= [Vpp (lp P3 typical X t ERA SE typical -P l PP5 typical X 
twHGL x # Bytes)] + [V C c UcC 3 typical x t ERA sE typical 
+ Ices typical x t WH GL x # Bytes)]. 

3. One Complete Cycle = Array Preprogram + Array 
Erase + Program. 

4. “Typicals” are not guaranteed but based on a limited 
number of samples from production lots. 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 

During Read 0°C to + 70 o C0) 

During Erase/ Program 0°Cto + 70°C 

Temperature Under Bias - 1 0°C to + 80°C 

Storage Temperature -65°C to + 125°C 

Voltage on Any Pin with 

Respect to Ground -2.0V to + 7.0V( 2 ) 

Voltage on Pin Ag with 

Respect to Ground - 2.0V to + 1 3.5V( 2 > 3 ) 

Vpp Supply Voltage with 
Respect to Ground 

During Erase/Program — -2.0V to + 14.0V( 2 > 3) 
Vqc Supply Voltage with 

Respect to Ground -2.0V to + 7.0V(2) 

Output Short Circuit Current 100 mA( 4 ) 


NOTICE: This data sheet contains preliminary infor- 
mation on new products in production. The specifica- 
tions are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings " may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


NOTES: 

1 . Operating temperature is for commercial product defined by this specification. 

2. Minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods less 
than 20 ns. Maximum DC voltage on output pins is Vqc + 0.5V, which may overshoot to Vcc + 2.0V for 
periods less than 20 ns. 

3. Maximum DC voltage on Ag or Vpp may overshoot to + 14.0V for periods less than 20 ns. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 


OPERATING CONDITIONS 


Symbol 

Parameter 

Limits 

Unit 

Comments 

Min 

Max 

Ta 

Operating Temperature 

0 

70 

°C 

For Read-Only and 
Read/Write Operations 

Vcc 

Vcc Supply Voltage 

4.50 

5.50 

V 



DC CHARACTERISTICS— TTL/NMOS COMPATIBLE 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typical 

Max 

lu 

Input Leakage Current 

1 



±1.0 

/JtA 

Vcc = V CC Max 

Vin = Vcc or Vss 

•lo 

Output Leakage Current 

1 



±10 

fxA 

Vcc ~ Vcc Max 

Vqut = Vcc or Vss 






1.0 



!CC1 

Vqc Active Read Current 

1 


10 




•CC2 

Vcc Programming Current 

1,2 


1.0 

10 

mA 

Programming in Progress 

ICC3 

Vcc Erase Current 



5.0 

15 

mA 

Erasure in Progress 

ICC4 

Vcc Program Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppH, 

Program Verify in Progress 

•CC5 

Vcc Erase Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppHi 

Erase Verify in Progress 

ipps 

Vpp Leakage Current 

1,2 



±10 

ju,A 

Vpp ^ Vcc 
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DC CHARACTERISTICS— TTL/NMOS COMPATIBLE (Continued) 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typical 

Max 

>PP1 

Vpp Read Current, ID Current 
or Standby Current 

1 


90 

200 

jllA 

o 

o 

> 

A 

CL 

CL 

> 


±10 

Vpp ^ Vcc 

IPP2 

Vpp Programming Current 

1,2 


8 

30 

mA 

Vpp = VppH 

Programming in Progress 

! PP3 

Vpp trase uurrent 

i, ^ 


1U 

au 

mA 

Vpp = VppH 

IPP4 

Vpp Program Verify Current 

1,2 


2.0 

5.0 

mA 

Vpp = Vpp H , 

Program Verify in Progress 

IPP5 

Vpp Erase Verify Current 

1,2 


2.0 

5.0 

mA 

Vpp = VppH, 

Erase Verify in Progress 

VlL 

Input Low Voltage 


-0.5 


0.8 

V 


VlH 

Input High Voltage 


2.0 


V CC + 0.5 

V 


VOL 

Output Low Voltage 




0.45 

V 

Iol ~ 5.8 mA 

Vcc = Vcc Min 

V OH1 

Output High Voltage 


2.4 



V 

Ioh = “2.5 mA 
v cc = v cc Min 

V|D 

Ag int e ligent IdentiferTM 

Voltage 


11.50 


13.00 

V 


•lD 

Ag int e ligent Identifier™ 
Current 

1 


90 

200 

juA 

Ag = V| D 

VppL 

Vpp during Read-Only 
Operations 


0.00 


6.5 

V 

NOTE: Erase/ Program are 
Inhibited when Vpp = VppL 

V PPH 

Vpp during Read/Write 
Operations 


11.40 


12.60 

V 


Vlko 

Vcc Erase/Write Lock Voltage 


2.5 



V 



DC CHARACTERISTICS— CMOS COMPATIBLE 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typical 

Max 

Ili 

Input Leakage Current 

1 



±1.0 

ju,A 

Vcc = Vcc Max 

V|n = Vcc or v ss 

•lo 

Output Leakage Current 

1 



±10 

jmA 

Vcc = Vcc Max 

VoUT = Vcc °r Vss 

•ccs 

Vcc Standby Current 

1 


50 

100 

ju,A 

Vcc = v cc M ax 

CE = V C c ±0.2V 

•cci 

Vcc Active Read Current 

1 


10 

30 

mA 

v cc = Vcc Max, CE = V, L 
f = 6 MHz, I 0 UT = 0mA 

! CC2 

Vcc Programming Current 

1,2 


1.0 

10 

mA 

Programming in Progress 


Vcc Erase Current 

1,2 


5.0 

15 

mA 

Erasure in Progress 

■CC4 

Vcc Program Verify Current 

1,2 


5.0 

15 

mA 

Vpp = VppH, Program 

Verify in Progress 

!cC5 

Vcc Erase Verify 

Current 

1,2 


5.0 

15 

mA 

Vpp = VppH, 

Erase Verify in Progress 
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DC CH 

ARACTERISTICS — CW 

IOS COMPATIBLE (Continued) 

Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typical 

Max 

Ipps 

Vpp Leakage Current 

1 



±10 

julA 

o 

o 

> 

VI 

CL 

CL 

> 

Ippi 

Vpp Read Current, ID Current 
or Standby Current 

1 


90 

200 

fxA 

o 

o 

> 

A 

Q_ 

CL 

> 


±10 

Vpp ^ Vcc 

IPP2 

Vpp Programming 

Current 

1,2 


8 

30 

mA 

Vpp = VppH, 

Programming in Progress 

IPP3 

Vpp Erase Current 

1,2 


10 

30 

mA 

Vpp = Vpph, 

Erasure in Progress 

Ipp4 

Vpp Program Verify 

Current 

1,2 


2.0 

5.0 

mA 

Vpp = Vpph, 

Program Verify in Progress 

in 

Q_ 

Q_ 

Vpp Erase Verify 

Current 

1,2 


2.0 

5.0 

mA 

Vpp = Vpph, 

Erase Verify in Progress 

VlL 

Input Low Voltage 


-0.5 


0.8 

V 


V| H 

Input High Voltage 


0.7 V CC 


Vcc + 0.5 

V 


VoL 

Output Low Voltage 




0.45 

V 

Iol = 5.8 mA 

Vcc = V CC Min 

v OH1 

Output High Voltage 


0.85 V CC 



V 

Ioh = “2.5 mA, 

V CC = V CC Min 

V OH2 

0 

1 

8 

> 

Ioh =-100 julA, 

V CC = V CC Min 

V|D 

Ag int e ligent Identifer™ 
Voltage 


11.50 


13.00 

V 


*ID 

Ag int e ligent Identifier^ 
Current 

1 


90 

200 

jiiA 

Ag = V|D 

VppL 

Vpp during Read-Only 
Operations 


0.00 


6.5 

V 

NOTE: Erase/Programs are 
Inhibited when Vpp = Vpp[_ 

VppH 

Vpp during Read/Write 
Operations 


11.40 


12.60 

V 


VlKO 

Vcc Erase/Write Lock 
Voltage 


2.5 



V 



CAPACITANCE T A = 25°C, f = 1.0 MHz 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Conditions 

Min 

Max 

C|N 

Address/Control Capacitance 

3 


6 

PF 

> 

o 

II 

z 

> 

Gout 

Output Capacitance 

3 


12 

PF 

Vqut = 0V 


NOTES for DC Characteristics and Capacitance: 

1. All currents are in RMS unless otherwise noted. Typical values at Vcc ^ 5.0V, Vpp = 12.0V, T = 25°C. These currents 
are valid for all product versions (packages and speeds). 

2. Not 100% tested: Characterization data available. 

3. Sampled, not 100% tested. 

4. “Typicals” are not guaranteed, but based on a limited number of samples from production lots. 
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AC TESTING INPUT/OUTPUT WAVEFORM 


2,4 ^ 
INPUT y 

0.45—/ 


2.0 

7> TEST POINTS 

P 0 . 8 ^ 

- t ► 


xxxxxx 

' 2.0 ^ 

">>TEST POINTS 
.0.8^ 

290245-9 

AC Testing: Inputs are driven at 2.4 for a logic “1” and 0.45 for a 
logic “0”. Testing measurements are made at 2.0 for a logic “1” 
and 0.8 for a logic “0". Rise/Fall time £ 10 ns. 


AC TESTING LOAD CIRCUIT 


1.3V 



290245-10 

C L = 100 pF 

Cl includes Jig Capacitance 


AC TEST CONDITIONS 

Input Rise and Fall Times (10% to 90%) 10 ns 

Input Pulse Levels 0.45 and 2.4 

Input Timing Reference Level 0.8 and 2.0 

Output Timing Reference Level 0.8 and 2.0 


AC CHARACTERISTICS— Read-Only Operations^) 


Versions 

Notes 

28F020-150 

28F020-200 

Unit 

Symbol 

Characteristic 

Min 

Max 

Min 

Max 

tAVAV/tRC 

Read Cycle Time 

3 

150 


200 


ns 

tELQV/tcE 

Chip Enable Access Time 



150 


200 

ns 

tAVQV/tACC 

Address Access Time 



150 


200 

ns 

tGLQv/toE 

Output Enable Access Time 



55 


60 

ns 

tELQx/t|_Z 

Chip Enable to 

Output in Low Z 

3 

0 


0 


ns 

tEHQZ 

Chip Disable to 

Output in High Z 

3 


55 


55 

ns 

tGLQX/toLZ 

Output Enable to 

Output in Low Z 

3 

0 


0 


ns 

tGHQz/tDF 

Output Disable to 

Output in High Z 

4 


35 


40 

ns 

tOH 

Output Hold from Address, 

CE, or OE ChangeO) 

3 

0 


0 


ns 

tWHGL 

Write Recovery Time 
before Read 


6 


6 


JLtS 


NOTES: 

1 . Whichever occurs first. 

2. Rise/Fall Time ^ 10 ns. 

3. Not 100% Tested: Characterization Data Available. 

4. Guaranteed by Design. 
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Figure 7. AC Waveforms for Read Operations 
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AC CHARACTERISTICS— Write/Erase/Program Operations!^) 


Versions 

Notes 

28F020-150 

28F020-200 

Unit 

Symbol 

Characteristic 

Min 

Max 

Min 

Max 

UVAV/twe 

Write Cycle Time 


150 


200 


ns 

tAVWL/tAS 

Address Set-Up Time 


0 


0 


ns 

tWLAX/tAH 

Address Hold Time 


60 


75 


ns 

tDVWH/tDS 

Data Set-Up l ime 


50 


50 


ns 

tWHDX/tDH 

Data Hold Time 


10 


10 


ns 

tWHGL 

Write Recovery Time 
before Read 


6 


6 


jLtS 

tGHWL 

Read Recovery Time 
before Write 


0 

1 

0 


JLlS 

tELWL/tcS 

Chip Enable 

Set-Up Time before Write 


20 


20 


ns 

tWHElVtCH 

Chip Enable Hold Time 


0 


0 


ns 

tWLWH/twP 

Write Pulse Width 

2 

60 


60 


ns 

tWHWL/tWPH 

Write Pulse Width High 


20 


20 


ns 

tWHWHI 

Duration of 

Programming Operation 

3 

10 


10 


jxS 

*WHWH2 

Duration of 

Erase Operation 

3 

9.5 


9.5 


ms 

*VPEL 

Vpp Set-Up 

Time to Chip Enable Low 


1.0 


1.0 


jLlS 


NOTES: 

1 . Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC Char- 
acteristics for Read-Only Operations. 

2. Rise/Fall time ^ 10 ns. 

3. The integrated stop timer terminates the programming/erase operations, thereby eliminating the need for a maximum 
specification. 


ERASE AND PROGRAMMING PERFORMANCE 


Parameter 

Notes 

Limits 

Unit 

28F020-150 

28F020-200 

Min 

Typ 

Max 

Min 

Typ 

Max 

Chip Erase Time 

1,3,4 


2 

30 


2 

30 

Sec 

Chip Program Time 

1,2,4 


4 

25 


4 

25 

Sec 

Erase/ Program Cycles 


10,000 

100,0001,5 


10,000 

100,000 


Cycles 


NOTES: 

1. “Typicals” are not guaranteed, but based on a limited number of samples from production lots. Data taken at 25°C, 12.0V 
Vp P . 

2. Minimum byte programming time excluding system overhead is 16 jasec (10 jasec program + 6 jasec write recovery), 
while maximum is 400 /xsec/byte (16 jasec x 25 loops allowed by algorithm). Max chip programming time is specified lower 
than the worst case allowed by the programming algorithm since most bytes program significantly faster than the worst case 
byte. 

3. Excludes 00H Programming prior to Erasure. 

4. Excludes System-Level Overhead. 

5. Refer to RR-60 “ETOX™ || Flash Memory Reliability Data Summary” for typical cycling data and failure rate calculations. 
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Chip Erase Time (Sec) 

12V; lOkc; 23C 

12V; lOOkc; 23C 

— 11.4V; lOkc; OC 
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NOTE: 

Does not include Pre-Erase Program. 


Figure 10. 28F020 Typical Erase Capability 
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Figure 12. AC Waveforms for Programming Operations 
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Figure 13. AC Waveforms for Erase Operations 
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ALTERNATIVE CE-CONTROLLED WRITES 


Versions 

Notes 

28F020-150 

28F020-200 

Unit 

Symbol 

Characteristic 

Min 

Max 

Min 

Max 

tAVAV 

Write Cycle Time 


150 


200 


ns 

tAVEL 

Address Set-Up Time 


0 


0 


ns 

*ELAX 

Address Hold Time 


80 


95 


ns 

*DVEH 

Data Set-Up Time 


50 


50 


ns 

*EHDX 

Data Hold Time 


10 


10 


ns 

*EHGL 

Write Recovery Time 
before Read 




6 


JLtS 

tGHEL 

Read Recovery Time 
before Write 




0 


JLtS 

| 

Write Enable Set-Up Time 
before Chip Enable 




0 


ns 


Write Enable Hold Time 


0 


0 


ns 

feLEH 

Write Pulse Width 

1 

mm 


80 


ns 

tEHEL 

Write Pulse Width High 


pan 


20 


ns 

Vpel 

Vpp Set-Up Time to Chip Enable Low 


mm 


1.0 


}XS 


NOTE: 

1 . Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the write pulse width (within a longer Write-Enable timing waveform) all set-up, hold and 
inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 
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Figure 14. Alternate AC Waveforms for Programming Operations 
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ORDERING INFORMATION 


E 

3 

8 

I 

0 

E 

E 

□ 

E 


0 


r 


PACKAGE I 

P = 32-PIN PLASTIC DIP 1 — 

N = 32-LEAD PLCC 
E = STANDARD 32- LEAD TSOP 
F = REVERSE 32-LEAD TSOP 


ACCESS SPEED (ns) 
1 50 ns 
200 ns 


290245-19 


VALID COMBINATIONS: 

P28F020-1 50 N28F020-1 50 

P28F020-200 N28F020-200 


E28F020-1 50 F28F020-1 50 

E28F020-200 F28F020-200 


ADDITIONAL INFORMATION 

Order 

Number 

ER-20, 

“ETOXtm II Flash Memory 
Technology” 

234005 

ER-24, 

“The Intel 28F020 Flashr 
Memory” 

294008 

RR-60, 

“ETOXtm || Flash Memory 
Reliability Data Summary” 

293002 

AP-316, 

“Using Flash Memory for 
In-System 

Reprogrammable 

Nonvolatile Storage” 

292046 

AP-325 

“Guide to Flash Memory 
Reprogramming” 

292059 
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1 MBYTE (512K x 16) CMOS FLASH SIMM 


m High-Performance 

— 120 ns Maximum Access Time 

— 16.67 MB/s Read Transfer Rate 

m 10,000 Rewrite Cycles Minimum/ 
Component 

m Flash Electrical Chip-Erase 

— 1 Second Typical Chip-Erase 

m 16 jtxs Typical Word Write 

— Up to 1 Mb/s Write Transfer Rate 

g Inherent Non-volatility 

— No Batteries or Disk Required for 
Back-up 

— 0W Data Retention Power 

g CMOS Low Power Consumption 

— 20.3 mA Typical Active Current 

— 0.4 mA Typical Standby Current 


■ Standard 80-Pin Insertable Module 

— 0.050 Centerline Lead Spacing 

— Upgrade Path through 128M bytes 

eh Hardware Presence Detect 

m Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

m Noise Immunity Features 

— ±10% Vqc Tolerance 

— Maximum Latch-Up Immunity 
Through EPI Processing 

rn 12.0V ±5% Vpp 

m Integrated Program/Erase Stop Timer 

m ETOXtm || Nonvolatile Flash 
Technology 

— High-Volume Manufacturing 
Experience 


Intel’s iSMOOIFLKA flash SIMM (Single In-Line Memory Module) is targeted at high-density read/write nonvol- 
atile memory. The iSMOOl FLKA enables you to optimize board space; to offer incremental memory expansion 
similar to today’s DRAM; and to assure continued access to today’s and tomorrow’s surface-mount technolo- 
gies. Intel’s iSMOOl FLKA offers a reliable sold-state alternative for mass storage. The flash memory module is 
also ideal for high performance code and data storage as well as data recording and accumulation. 

The iSMOOIFLKA, composed of eight 1 Mb flash memories in plastic leaded chip carrier (N28F010), is orga- 
nized as 524,288 words of 16 bits. The PLCCs are mounted, four to a side, together with 0.1 ju-F decoupling 
capacitors on an 80-pin standard, low-profile module. 

Extended erase and program cycling capability is designed into Intel’s ETOXtm || (EPROM Tunnel Oxide) 
process technology. Advanced oxide processing, an optimized tunneling structure, and lower electric field 
combine to extend reliable cycling beyond that of traditional nonvolatile memory. 

Intel’s iSMOOIFLKA flash SIMM employs advanced CMOS circuitry for systems requiring high-performance 
access speeds, low power consumption, and immunity to noise. Its 120 ns access time provides no WAIT 
state performance for a wide range of microprocessors and microcontrollers. Maximum standby current of 
0.8 mA translates into power savings when the memory module is deselected. Finally, the highest degree of 
latch-up protection is achieved through Intel’s unique EPI processing. Prevention of latch-up is provided for 
stresses up to 100 mA on address and data pins, from -IV to Vqq + IV. 
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Figure 1. iSMOOIFLKA Functional Block Diagram 
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Table 2. Pin Description 


Symbol 


Type 


Name and Function 


Ao~Ai 6 


INPUT 


ADDRESS INPUTS for memory addresses. Addresses are internally latched 
during a write cycle. 


DQq-DQ-15 


INPUT/ 

OUTPUT 


DATA INPUT/OUTPUT: Inputs data during memory write cycles; outputs data 
during memory read cycles. The data pins are active high and float to tri-state 
OFF when the chip is deselected or the outputs are disabled. Data is internally 
latched during a write cycle. 


CE 0 -CE 3 


INPUT 


CHIP ENABLE: Activates each device’s control logic, input buffers, decoders, 
and sense amplifiers. Each Ijne is unique to one set of 2 devices (word). CEx is 
active low; CEx high deselects the memory device and reduces power 
consumption to standby levels. Only one CEx may be active at a time. 


OE 


INPUT 


OUTPUT ENABLE: Gates the devices outputs through the data buffers during a 
read cycle. OE is active low. 


WE h ; WE l 


INPUT 


WRITE ENABLE controls writes to the control register and the array. 


Vpp 


Vcc 

Vss 

NC 


(WEh = High Byte; WE[_ = Low Byte) 

Write enable is active low. Addresses are latched on the falling edge and data is 
latched on the rising edge of the WE pulse. 

NOTE: With Vpp ^ 6.5V, memory contents cannot be altered. 

ERASE/PROGRAM POWER SUPPLY for writing the command register, erasing 
the entire array, or programming bytes in the array (12V ± 5%). 

DEVICE POWER SUPPLY: (5V + 10%). 

GROUND. , 

NO INTERNAL CONNECTION to device. Pin may be driven or left floating. 


Pin 

Function 

17 

ce 7 

18 

ce 6 

19 

ce 5 

20 

ce 4 

30 

A 22 

31 

A 2 i 

32 

A 20 

33 

a 19 

34 

A 18 

35 

Al7 


RES 


RESERVED for future product enhancements. 


PD-, — PD 7 


PRESENCE DETECT: Denotes word depth (51 2K) and access time of device. 
See Table 3, “Presence Detect “PD” Pins” on Page 5. 
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Table 3. Presence Detect “PD” Pins 


MODULE CAPACITY IDENTIFICATION 


MODULE CAPACITY 

PD6 

PD2 

PD1 

WORD DEPTH 

NO MODULE 

0 

0 

0 

256K/32M 

0 

0 

s 

512K/64M 

0 

s 

0 

1M/128M 

0 

s 

s 

2M/256M 

s 

0 

0 

4M/512M 

s 

o 

s 

8M/1G 

s 

s 

o 

16M/2G 

s 

s 

s 


MODULE SPEED IDENTIFICATION 

MAXIMUM 

ACCESS 

TIME 

PD7 

PD5 

PD4 

PD3 

> 300 ns 

S 

s 

s 

s 

300 ns 

S 

s 

s 

0 

250 ns 

s 

s 

0 

s 

200 ns 

s 

s 

0 

0 

185 ns 

s 

0 

s 

s 

150 ns 

s 

0 

s 

0 

135 ns 

s 

0 

0 

s 

120 ns 

s 

0 

0 

0 

100 ns 

0 

s 

s 

s 

85 ns 

0 

s 

s 

0 

70 ns 

0 

s 

0 

s 

60 ns 

0 

s 

0 

0 

50 ns 

0 

0 

s 

s 

40 ns 

0 

0 

s 

0 

30 ns 

0 

0 

0 

s 

ND 

0 

0 

o 

0 


O = OPEN CIRCUIT ON MODULE 
S = SHORT CIRCUIT TO GROUND ON MODULE 
ND = NOT DEFINED 
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SINGLE IN-LINE MEMORY MODULE 
BOARD 

PC substrate: Glass Epoxy [0.05" +0.004/ -0.003 
nominal thickness]. The iSMOOIFLKA low-profile 
SIMM mounts easily between expansion slots. See 
Appendix A for a list of 80-pin socket suppliers. 

APPLICATIONS 

With high density, nonvolatility, and extended cycling 
capability, Intel’s iSMOOIFLKA flash SIMMs offer an 
innovative alternative to disk and battery-backed 
static RAM. 

Primary applications and operating systems can be 
stored in flash, eliminating the slow disk-to-DRAM 
download process. Performance is dramatically en- 
hanced and power consumption is reduced — a con- 
sideration particularly important in portable equip- 
ment. Flexibility is increased with Flash’s electrical 
chip erasure allowing in-system updates to operating 
systems and application code. 

In diskless workstations and terminals, network traf- 
fic is reduced to a minimum and systems are instant- 
on. Reliability exceeds that of electro-mechanical 
media. Often in these environments, power glitches 
force extended re-boot periods for all networked ter- 
minals. This mishap is no longer an issue if boot 
code, operating systems, communication protocols 
and primary applications are flash-resident in each 
terminal. 

For embedded systems that rely on dynamic RAM/ 
disk for main system memory or nonvolatile backup 
storage, Flash SIMMs provide a solid state alterna- 
tive in a minimal form factor. Flash memory provides 
higher performance, lower power consumption and 
instant-on capability. Additionally, flash is more rug- 
ged and reliable in harsh environments where ex- 
treme temperatures and shock can cause disk- 
based systems to fail. 

For systems currently using a high-density static 
RAM/battery configuration for code updates and 
data accumulation, flash memory’s inherent nonvol- 
atility eliminates the need for battery backup. The 
possibility of battery failure is removed. This consid- 
eration is important for portable equipment and med- 
ical instruments, both requiring continuous perform- 
ance. In addition, flash memory offers a four-to-one 
cost advantage over SRAM. 

Flash memory’s electrical chip erasure, byte repro- 
grammability and complete nonvolatility fit well with 
data accumulation and recording needs. Electrical 
chip-erasure gives the designer a “blank-slate” in 
which to log or record data. Data can be periodically 
off-loaded for analysis-erasing the slate and repeat- 
ing the cycle. 


Flash SIMMs add additional flexibility to designers 
by offering end-users incremental expansion memo- 
ry. As code requirements grow or as memory prices 
drop, your customers have the option of adding 
more memory. 


PRINCIPALS OF OPERATION 

The iSMOOIFLKA operates as eight N28F010 flash 
memories connected as shown in the Functional 
Block Diagram on Page 2. 

The iSMOOIFLKA, organized as 51 2K x 16, can also 
be configured for 8- and 32-bit systems. For 
32-bit systems, add a second SIMM to your design 
as currently done with DRAM. For byte-wide opera- 
tion, buffer the SIMMs DQ0-DQ7 and DQq-DQ-is 
lines with an octal transceiver; then, tie the buffered 
outputs together to form the 8-bit bus. Decode the 
transceiver’s enable input with an address line. 

The iSMOOIFLKA features hardware presence de- 
tect pins to facilitate memory design. The presence 
detect pins (PD1-PD7) indicate module word depth 
and maximum access speed (see Table 3 on the 
previous page). The pins allow memory-specific 
wait-state generation upon system initialization. To 
use the presence capability, pull-up the PD1-PD7 
lines through a pull-up resistor. Read the lines 
through a port and select the appropriate memory 
depth and speed from a PD data table. 

In the absence of high voltage on the modules Vpp 
pins, the iSMOOIFLKA is a read-only memory array. 
Manipulation of the module’s control pins yields 
standard read, standby and output disable functions. 

Read, standby and output disable operations are 
also available when high voltage is applied to the 
Vpp pins. In addition, high voltage on the Vpp pins 
enables erasure and programming of the module’s 
devices. All functions associated with altering the 
memory contents of one or more devices — erase, 
erase verify, program and program verify — are ac- 
cessed via each flash device’s command register. 

Commands are written to a device’s command regis- 
ter using standard microprocessor write timings. 
Register contents serve as input to the devices inter- 
nal state-machine which controls the erase and 
programming circuitry. Write cycles to a device also 
internally latch addresses and data needed for pro- 
gramming or erase operations. With the appropriate 
command written to a device’s register, standard mi- 
croprocessor read timings output array data, access 
the int e ligent identifier codes, or output data for 
erase and program verification. 
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Table 4. Bus Operations 


Pins 

Vpp(1) 

CE 

OE 

WE 

DQq-DQ-15 

Operation 

READ-ONLY 

Read 

VPPL 

V|L 

V|L 

VlH 

Data Out 

Output Disable 

VppL 

V|L 

V|H 

VlH 

Tri-State 

Standby 

Vppi 

V|H 

X 

X 

Tri-State 

READ/WRITE 

Read 

Vpph 

V|L 

V|L 

VlH 

Data Out( 3 ) 

Output Disable 

VppH 

V|L 

V|H 

VlH 

Tri-State 

Standby( 4 ) 

VppH 

VlH 

X 

X 

Tri-State 

Write 

V PPH 

V 

VlH 

V|L 

Data ln( 5 ) 


NOTES: 

1. Refer to DC Characteristics. When Vpp = Vpp[_ memory contents can be read but not written or erased. 

2. Manufacturer and device codes are accessed via a command register write sequence. Refer to Table 5. All other ad- 
dresses are low. 

3. Read operations with Vpp = Vppn may access array data or the int e ligent IdentifierTM codes. 

4. With Vpp at high voltage, the standby current equals Ice + Ipp (standby). 

5. Refer to Table 5 for valid Data-In during a write operation. 

6. X can be V||_ or Vm- 


Integrated Stop Timer 

Successive command write cycles define the dura- 
tion of program and erase operations; specifically, 
the program or erase time durations are normally 
terminated by associated program or erase verify 
commands. An integrated stop timer provides simpli- 
fied timing control over these operations; thus elimi- 
nating the need for maximum program/erase timing 
specifications. Programming and erase pulse dura- 
tions are minimums only. When the stop timer termi- 
nates a program or erase operation, the device en- 
ters an inactive state and remains inactive until re- 
ceiving the appropriate verify or reset command. 

Write Protection 

A device’s command register is only active when 
Vpp is at high voltage. Depending upon the applica- 
tion, the system designer may choose to make the 
Vpp power supply switchable — available only when 
memory updates are desired. When Vpp = Vpp|_, 
the contents of the register default to the read com- 
mand, making the iSMOOIFLKA a read-only memo- 
ry. In this mode, the memory contents cannot be 
altered. 

Or, the system designer may choose to “hardwire” 
Vpp, making the high voltage supply constantly 
available. In this instance, all operations are per- 
formed in conjunction with the command register. 
The iSMOOIFLKA is designed to accommodate ei- 
ther design practice, and to encourage optimization 
of flash’s processor-memory interface. 

The following section first discusses byte-wide orga- 
nization, building a basic understanding of byte-wide 


bus operations, command definitions, and program- 
ming and erasure algorithms. The section concludes 
with performance enhancements for both 16- and 
32-bit systems. 

BUS OPERATIONS 
Read 

Each of the iSMOOIFLKA’s flash memory devices 
has two control functions, both of which must be 
logically active, to obtain data. Chip-Enable (CEx) is 
the power control and should be used for device 
selection. Four chip enables (CE 0 -CE 3 ) control the 
array’s eight devices. Each line is unique to one set 
of two devices (word). Only one CEx may be active 
at a time. 

Output-Enable (OE) is the output control and should 
be used to gate data from a device to the output pins 
on the_module, independent of device selection. 
One OE line serves the iSMOOIFLKA’s flash devic- 
es. Figure 7 illustrates read timing waveforms. 

When the Vpp lines are high (Vppn), a read opera- 
tion can be used to access array data, to output a 
device’s int e ligent identifierTM code, and to access a 
device’s data for program/erase verification. When 
Vpp is low (Vppi_), a read operation can only access 
array data. 

Output Disable 

With the iSMOOIFLKA’s Output-Enable pin at a log- 
ic-high level (Vih), outputs from all devices are dis- 
abled. They are placed in a high-impedance state. 
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STANDBY 

With Chip-Enable at a logic-high level, the standby 
operation disables most of the deselected devices 
circuitry and substantially reduces device power 
consumption. The outputs of the deselected devices 
are place in a high-impedance state, independent of 
the Output-Enable signal. If a word is deselected 
during erase, programming, or program/erasure ver- 
ification, the device draws active current until the op- 
eration is terminated. 

int e ligent Identifier™ Operation 

The int e ligent identifier operation outputs the select- 
ed devices 1 manufacturer code (69H) and device 
code (B4H). The manufacturer code and device 
code are read via the devices’ command register. 
Following a write of 90H to a device’s command reg- 
ister, a read from address location 0000H outputs 
the manufacture code (89H). A read from address 
0001 H outputs the device code (B4H). 


A device’s command register itself does not occupy 
an addressable memory location. The register is a 
latch used to store the command, along with ad- 
dress and data information needed to execute the 
command. 

Two write enable lines are provided, WEh and 
WE|_, allowing selective write control of upper 
and lower bytes. 

A device’s command register is written by selecting 
the device (Chip-Enable low), then bringing Write- 
Enable (WEh or WE l ) to a logic-low level (V||_). If 
both WE lines are a logic low, both upper and lower 
bytes are written. Addresses are latched on the fall- 
ing edge of the Wriie-Enabie signai, whiie data is 
latched on the rising edge of the Write-Enable pulse. 
Standard microprocessor write timing are used. 

Refer to AC Write Characteristics and the Erase/ 
Programming Waveforms for specific timing parame- 
ters. 


Write 

Erasure and programming is accomplished via each 
device’s command register, when high voltage is ap- 
plied to the Vpp pins. The contents of each device’s 
register serve as input to its internal state-machine. 
The state machine outputs dictate the function of 
each device. 


COMMAND DEFINITIONS 

When low voltage is applied to the module’s Vpp 
pins, the contents of all devices’ command registers 
default to 00H, enabling read-only operations. 

Placing high voltage on the module’s Vpp pins al- 
lows read /write operation on selected devices. Op- 
erations are selected by writing specific data pat- 
terns to the device(s) command register. Table 5 de- 
fines these register commands. 


Table 5. Command Definitions 


Command 

Bus 

Cycles 

Req’d 

First Bus Cycle 

Second Bus Cycle 

OperationCi) 

Address( 2 ) 

Data( 3 ) 

OperationO) 

Address( 2 ) 

Data( 3 ) 

Read Memory 

1 

Write 

X - 

00H 




Read int e ligent identifier™ Codes( 4 ) 

3 

Write 

X 

90 H 

Read 

(4) 

(4) 

Set-up Erase/ Erased) 

2 

Write 

X 

20H 

Write 

X 

20H 

Erase Verify( 5 ) 

2 

Write 

EA 

A0H 

Read 

X 

EVD 

Set-up Program/ Program^) 

2 

Write 

X 

40H 

Write 

PA 

PD 

Program Verify( 6 ) 

2 

Write 

X 

C0H 

Read 

X 

PVD 

Reset( 7 ) 

2 

Write 

X 

FFH 

Write 

X 

FFH 


NOTES: 

1. Bus operations are defined in Table 4. 

2. IA = Identifier address: 00H for manufacturer code, 01 H for device code. 

EA = Address of memory location to be read during erase verify. 

PA = Address of memory location to be programmed. 

Addresses are latched on the falling edge of the Write-Enable pulse. 

3. ID = Data read from location IA during device identification (Mfr = 89H, Device B4H). 

EVD = Data read from location EA during erase verify. 

PD = Data to be programmed at location PA. Data is latched on the rising edge of Write-Enable. 

PVD = Data read from location PA during program verify. PA is latched on the Program command. 

4. Following the Read int e ligent ID command, two read operations access manufacturer and device codes. 

5. Figure 4 illustrates the Quick-Erase™ Algorithm. 

6. Figure 3 illustrates the Quick-Pulse Programming™ Algorithm. 

7. The second bus cycle must be followed by the desired command register write. 


6-116 



iSMOOIFLKA 


:_x r 

111101 


Read Command 

While Vpp is high, for erasure and programming, the 
selected devices memory contents can be accessed 
via the read command. The read operation is initiat- 
ed by writing 00H into the command register of each 
device. Microprocessor read cycles retrieve array 
data. The selected devices remain enabled for reads 
until their command register contents are altered. 

Trie uefauii. uuniei ii.s> uf eauii ueviCe’S CuiTiiTiai'iu 
register upon Vpp power-up is 00H. This default val- 
ue ensures that no spurious alteration to the 
iSMOOIFLKA’s memory contents occurs during the 
Vpp power transition. Where the Vpp supply is hard- 
wired to the iSMOOl FLKA’s Vpp pins, all eight devic- 
es power-up and remain enabled for reads until their 
command-register contents are changed. Refer to 
the AC Read Characteristics and Waveforms for 
specific timing parameters. 


int e ligent Identifier™ Command 

Flash memories are intended for use in applications 
where the local CPU alters memory contents. As 
such, manufacturer- and device-codes must be ac- 
cessible while the device resides in the target sys- 
tem. 

Each flash memory device contains an int e ligent 
Identifier operation. The operation is initiated by writ- 
ing 90H into the command register. Following the 
command write, a read cycle from address 0000FI 
retrieves the manufacturer code of 89H. A read cy- 
cle from address 0001 H returns the device code of 
B4H. To terminate the operation, it is necessary to 
write another valid command into the register. 

The int e ligent Identifier and the Presence Detect 
pins give you complementary information. While the 
PD pins denote speed and depth, the int e ligent Iden- 
tifier operation gives you manufacture and device 
data. 


Set-Up Erase/Erase Commands 

Set-up Erase is a command-only operation that 
stages a selected device for electrical erasure of all 
bytes in its array. The set-up erase operation is per- 
formed by writing 20H to the command register. 

To commence chip-erasure, the erase command 
(20H) must again be written to the register. The 
erase operation begins with the rising edge of a 
Write-Enable pulse (WEh or WEJ and terminates 


with the rising edge of the next Write-Enable pulse 
(i.e., Erase-Verify Command). 

This two-step sequence of set-up followed by execu- 
tion ensures that memory contents are not acciden- 
tally erased. Also, chip-erasure can only occur when 
high voltage is applied to the Vpp pins. In the 
absence of this high voltage, memory contents are 
protected against erasure. Refer to AC Erase Char- 
acteristics and Waveforms for specific timing param- 


Erase-Verify Command 

The erase command erases all bytes of the selected 
device(s) in parallel. After each erase operation, all 
bytes must be verified. The erase verify operation is 
initiated by writing AOH into the command register of 
the device. The address for the byte to be verified 
must be supplied as it is latched on the falling edge 
of a Write-Enable pulse. The register write termi- 
nates the erase operation with the rising edge of its 
Write-Enable pulse. 

Each 28F010 applies an internally-generated margin 
voltage to the addressed byte. Reading FFFI from 
the addressed byte indicates that all bits in the byte 
are erased. 

The erase-verify command must be written to the 
command register prior to each byte verification to 
latch its address. The process continues for each 
byte of the device until a byte does not return FFFI 
data, or the last address is accessed. 

In the case where the data read is not FFFI, another 
erase operation is performed. (Refer to Set-up 
Erase/ Erase). Verification then resumes from the 
address of the last-verified byte. Once all bytes of 
the device have been verified, the erase step is 
complete. The device can be programmed. At this 
point, the verify operation is terminated by writing a 
valid command (e.g., Program Set-up) to the com- 
mand register of the device. Figure 4, the Quick- 
EraseTM algorithm, illustrates how commands and 
bus operations are combined to perform electrical 
erasure of each 28F010. Refer to AC Erase Charac- 
teristics and Waveforms for specific timing parame- 
ters. 


Set-Up Program/Program Commands 

Set-up program is a command-only operation that 
stages a device for byte programming. Writing 40H 
into the command register of the device performs 
the set-up operation. 
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Once the program set-up operation is performed, 
the next Write-Enable pulse causes a transition to 
an active programming operation. Addresses are in- 
ternally latched on the falling edge of the Write-En- 
able pulse. Data is internally latched on the rising 
edge of the Write-Enable pulse. The rising edge of 
Write-Enable also begins the programming opera- 
tion. The programming operation terminates with the 
next rising edge of Write-Enable, used to write the 
program-verify command. Refer to AC Programming 
Characteristics and Waveforms for specific timing 
parameters. 


Program-Verity Command 

Each 28F010 is programmed on a byte-by-byte ba- 
sis. Byte programming may occur sequentially or at 
random. Following each programming operation, the 
byte just programmed must be verified. 

The program-verify operation is initiated by writing 
COH into the command register of the device. The 
register write terminates the programming operation 
with the rising edge of its Write-Enable pulse. The 
program-verify operation stages the device for verifi- 
cation of the byte last programmed. No new address 
information is latched. 

Each 28F010 applies an internally-generated margin 
voltage to the byte. A microprocessor read cycle 
outputs the data. A successful comparison between 
the programmed byte and true data means that the 
byte is successfully programmed. Programming then 
proceeds to the next desired byte location. Figure 3, 
the Quick-Pulse ProgrammingTM algorithm (8-bit 
Systems), illustrates how commands are combined 
with bus operations to perform byte programming. 
Refer to AC Programming Characteristics and 
Waveforms for specific timing parameters. 


Reset Command 

A reset command is provided as a means to safely 
abort the erase- or program-command sequences to 
a device. Following either set-up command (erase or 
program) with two consecutive writes of FFH will 
safely abort the operation. Memory contents will not 
be altered. A valid command must then be written to 
place the device in the desired state. 


EXTENDED ERASE/PROGRAM CYCLING 

EEPROM cycling failures have always concerned 
users. The high electrical field required by thin oxide 
EEPROMs for tunneling can literally tear apart the 
oxide at defect regions. To combat this, some 
suppliers have implemented redundancy schemes, 
reducing cycling failures to insignificant levels. How- 
ever, redundancy requires that cell size be dou- 
bled — an expensive solution. 

Intel has designed extended cycling capability into 
its ETOX II flash memory technology. Resulting im- 
provements in cycling reliability come without in- 
creasing memory cel! size or complexity. First, an 
advanced tunnel oxide increases the charge carry- 
ing ability ten-fold. Second, the oxide area per cell 
subjected to the tunneling electric field is one-tenth 
that of common EEPROMs, minimizing the probabili- 
ty of oxide defects in the region. Finally, the peak 
electric field during erasure is approximately 
2 MV/cm lower than EEPROM. The lower electric 
field greatly reduces oxide stress and the probability 
of failure — increasing time to wearout by a factor of 
100 , 000 , 000 . 

Each of the iSMOOIFLKA’s eight 28F010S is speci- 
fied for a minimum of 10,000 program/erase cycles. 
Each device is programmed and erased using Intel’s 
Quick-Pulse Programming and Quick-Erase algo- 
rithms. Intel’s algorithmic approach uses a series of 
operations (pulses), along with byte verification, to 
completely and reliably erase and program the de- 
vice. 

For further information, see Reliability Report RR-60 
(ETOX II Reliability Data Summary). 

QUICK-PULSE PROGRAMMINGTM ALGORITHM 

The Quick-Pulse Programming algorithm uses pro- 
gramming operations of 10 juts duration. Each opera- 
tion is followed by a byte verification to determine 
when the addressed byte has been successfully pro- 
grammed. The algorithm allows for up to 25 pro- 
gramming operations per byte, although most bytes 
verify on the first or second operation. The entire 
sequence of programming and byte verification is 
performed with Vpp at high voltage. Figure 3 illus- 
trates the Quick-Pulse Programming algorithm for 
8-bit systems. 
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QUICK-ERASEtm algorithm 

Intel’s Quick-Erase algorithm yields fast and reliable 
electrical erasure of memory contents. The algo- 
rithm employs a closed-loop flow, similar to the 
Quick-Pulse ProgrammingTM algorithm, to simulta- 
neously remove charge from all bits in the array. 

Erasure begins with a read of memory contents. The 
iSMOOl FLKA is erased when shipped from the fac- 
tory. Heading FFh data rrom eacn device wouid im- 
mediately be followed by device programming. 

For devices being erased and reprogrammed, uni- 
form and reliable erasure is ensured by first pro- 
gramming all bits in the device to their charged state 
(Data = 00H). This is accomplished, using the 
Quick-Pulse Programming algorithm, in approxi- 
mately two seconds. 


Erase execution then continues with an initial erase 
operation. Erase verification (data = FFFI) begins at 
address 0000FI and continues through the array to 
the last address, or until data other than FFFI is en- 
countered. With each erase operation, an increasing 
number of bytes verify to the erased state. Erase 
efficiency may be improved by storing the address of 
the last byte verified in a register. Following the next 
erase operation, verification starts at that stored ad- 
dress location. Erasure typically occurs in one sec- 
ond. Figure 4 iiiustraxes ine Quick-Erase aigoriihm 
for 8-bit systems. 
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NOTES: 

1. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of the de- 
viee. 

2. See DC Characteristics for value of Vppn and Vppi_. * 


3. Program Verify is only performed after byte program- 
ming. A final read/compare may be performed (option- 
al) after the register is written with the Read command. 

4. Refer to principles of operation 


Figure 3. Quick-Pulse ProgrammingTM Algorithm (8-Bit Systems) 


6-120 




iSMOOIFLKA 


inteT 



290244-4 


NOTES: 

1. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of the de- 
vice. 

2. See DC Characteristics for value of Vppn and Vppi_. 


Bus 
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(Figure 4) 
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Data = 20H 

Write 
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Duration of Erase Operation 
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Write 

Standby 

Erase(3) 

Verify 

Addr = Byte to Verify; 

Data = AOH; Stops Erase 

Operation(4) 

tWHGL 
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Read Byte to Verify Erasure 

Standby 


Compare Output to FFH 
Increment Pulse-Count 

Write 

Standby 

Read 

Data = 00H, Resets the 
Register for Read Operations 
Wait for Vpp Ramp to Vppj_(2) 


3. Erase Verify is performed only after chip-erasure. A 
final read/compare may be performed (optional) after 
the register is written with the read command. 

4. Refer to principles of operation. 


Figure 4. Quick-EraseTM Algorithm (8-Bit Systems) 
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HIGH PERFORMANCE PARALLEL 
DEVICE ERASURE 

Total erase time for the SM28F001 AX is reduced by 
implementing a parallel erase algorithm (Note 1). 
You save time by erasing all devices at the same 
time. However, since flash memories may erase at 
different rates, you must verify each device sepa- 
rately. This can be done in a word-wise fashion with 
the command register Reset command and a spe- 
cial masking algorithm. 

Take for example the case of two-device (parallel) 
erasure. The CPU first writes the data word erase 
command 2020h twice in succession. This starts 
erasure. After 1 0 ms, the CPU writes the data word 
verify command AOAOh to stop erasure and setup 
erase verification. If both bytes are erased at the 
given address, then the CPU increments the ad- 
dress (by 2) and then writes the verify command 
AOAOh again. If neither byte is erased, then the CPU 
issues the erase sequence again without increment- 
ing the address. 

Suppose at the given address only the low byte veri- 
fies FFh data? Could the whole chip be erased? The 
answer is yes. Rather than check the rest of the low 
byte addresses independently of the high byte, sim- 
ply use the reset command to mask the low byte 
from erasure and erase verification on the next 
erase loop. In this example the erase command 
would be 20FFh and the verify command would be 
AOFFh. Once the high byte verifies at that address, 
the CPU modifies the command back to the default 
2020h and AOAOh, increments the address by 2, and 
writes the verify command to the next address. 

See Figure 5 for a conceptual view of the parallel 
erase flow chart and Appendix B for the detailed ver- 
sion. These flow charts are for 16-bit systems and 
can be expanded for 32-bit designs. 

NOTE: 

1 . Parallel Erasure and Programming require appro- 
priate choice of Vpp supply to support the in- 
creased power consumption. 


HIGH PERFORMANCE PARALLEL 
DEVICE PROGRAMMING 

Software for word- or double-word programming can 
be written in two different manners. The first method 
offers simplicity of design and minimizes software 
overhead by using a byte programming routine on 
each device independently (using host CPU’s byte 
addressing mode). The second method offers higher 
performance by programming the word or double- 
word data in parallel. This method manipulates the 
command register instructions for independent byte 
control. See Figure 6 for conceptual 2-device paral- 
lel programming flow chart and Appendix C for the 
detailed version. Here you can use the host CPU’s 
appropriate word- or double-word addressing modes 
(i.e., incrementing by 2- or 4-byte addresses, respec- 
tively). 

NOTE: 

Word or double-word programming assumes 2 or 4 
8-bit flash memory devices. 

Parallel Programming Algorithm Summary: 

o Decreases programming time by programming 2 
flash memories (16 bits) in parallel. The algorithm 
can be expanded for 32-bit systems. 

• Eliminates tracking of high/low byte addresses 
and respective number of program pulses by di- 
recting the CPU to write data-words (16-bit) to the 
command register. 

• Maintains word write and read operations. Should 
a byte on one device program prior to a byte on 
the other, the CPU continues to write word-com- 
mands to both devices. However, it deselects the 
verified byte with software commands. An alter- 
native is to independently program high and low 
bytes using hardware select capability (byte-ad- 
dressing mode of host CPU). 
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*You mask the device by substituting a Reset command for the Erase and Verify commands. That way, the erased byte 
idles through the next erase loop. 


Figure 5. High Performance Parallel Erasure (Conceptual Overview) 


RAISE Vpp 

GET ADDRESS/DATA WORD 

► RESET COMMAND AND 

COUNTER VARIABLES 

PROGRAM DATA « 

WORD 

I 

TIME OUT 1 0 fj.s 

I 

STOP PROGRAMMING WITH 
PROGRAM VERIFY COMMAND 

1 n MASK HI OR LO BYTE 

DATA WORD PROGRAMMED ? *- INCREMENT PULSE COUNTER n 

I LAST PULSE? 


MORE DATA? 

u 


WRITE READ COMMAND WRITE READ COMMAND 

LOWER Vpp LOWER V pp 

PROGRAMMING COMPLETE PROGRAM ERROR 


290244-6 

*You mask the device by substituting a Reset command for the Program and Verify commands. That way, the pro- 
grammed bytes do not get further programmed on subsequent pulses. 


Figure 6. Parallel Programming Flow Chart (Conceptual Overview) 
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DESIGN CONSIDERATIONS 


Two-Line Output Control 

Two-line control provides for: 

a. the lowest possible memory power dissipation 
and, 

b. complete assurance that output bus contention 
v/ill not occur. 

To efficiently use these two control inputs, an ad- 
dress-decoder output should drive chip-enable, 
while the system’s read signal controls all flash- 
memories and other parallel memories. This assures 
that only enabled memory devices have active out- 
puts, while deselected devices maintain the low 
power standby condition. 


Power Supply Decoupling 

Flash-memory power-switching characteristics re- 
quire careful device decoupling. System designers 
are interested in three supply current (Ice) issues — 
standby, active, and transient current peaks pro- 
duced by falling and rising edges of chip-enable. The 
capacitive and inductive loads on the device outputs 
determine the magnitudes of these peaks. 

Two-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. The 
iSMOOIFLKA features a 0.1 jaF ceramic capacitor 
connected between Vcc and Vss. and between Vpp 
and V S s- 

Also, a 4.7 juF tantalum capacitor decouples the ar- 
ray’s power supply between Vcc and V$s and be- 
tween Vpp and Vss- The bulk capacitors will over- 
come voltage slumps caused by printed-circuit- 
board trace inductance, and will supply charge to 
the smaller capacitors as needed. 


Vpp Trace on Printed Circuit Boards 

Programming flash memories, while they reside in 
the target system, requires that the printed circuit 
board designer pay attention to the Vpp power sup- 
ply trace. The two Vpp pins supply current for pro- 
gramming. Use similar trace widths and layout con- 
siderations given the Vcc power bus. Adequate Vpp 
supply traces and decoupling will decrease Vpp volt- 
age spikes and overshoots. Be sure to connect both 
module Vpp inputs to your 12V supply. 


Power Up/Down Protection 

The iSMOOIFLKA is designed to offer protection 
against accidental erasure or programming during 
power transitions. Upon power-up, each 28F010 is 
indifferent as to which power supply, Vpp or Vcc. 
powers up first. Power supply sequencing is not re- 
quired. Internal circuitry in each 28F010 ensures that 
the command register is reset to the read mode on 
power up. 

A system designer must guard against active writes 
for Vcc voltages above V|_kc> when Vpp is active. 
Since both WE and CE must be low for a command 
write, driving either to V|h will inhibit writes. The con- 
trol register architecture provides an added level of 
protection since alteration of memory contents only 
occurs after successful completion of the two-step 
command sequences. 


Power Dissipation 

When designing portable systems, designers must 
consider battery power consumption not only during 
device operation, but also for data retention during 
system idle time. Flash nonvolatility increases the 
usable battery life of your system because each 
28F010 does not consume any power to retain code 
or data when the system is off. Table 4 illustrates the 
power dissipated when updating each 28F010. 


Table 4. 28F010 Typical Update Power 
Dissipation( 4 ) 


Operation 

Power 

Dissipation 

(Watt-Seconds) 

Array Program/ Program VerifyO) 

0.171 

Array Erase/ Erase VerifyC 2 ) 

0.136 

One Complete Cycled 

0.478 


NOTES: 

1. Formula to calculate typical Program/Program Verify 
Power = [Vpp X # Bytes X typical # Prog Pulses 
(twHWHi X Ipp 2 typical + t W HGL X I PP4 typical)] + [V C c 
X # Bytes X typical # Prog Pulses (twHWHi x Iqc 2 typi- 
cal + t WH GL x Icc4 typical]. 

2. Formula to calculate typical Erase/Erase Verify Power 
= [Vpp (Vp P3 typical x t E RASE typical + lp P5 typical x 
tWHGL X # Bytes)] + [Vcc 0cc3 typical X t ERA sE typical 
+ Ices typical x t W HGL X # Bytes)]. 

3. One Complete Cycle = Array Preprogram + Array 
Erase + Program. 

4. “Typicals are not guaranteed but based on a limited 
number of samples taken, from production lots. 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 

During Read 0°Cto + 70°C( 1 ) 

During Erase/Program 0°Cto+70°C 

Temperature Under Bias — 10°C to + 80°C 

Storage Temperature -50°C to + 100°C 

Voltage on Any Pin with 

Rfi.qponttn Ground — 2.0 V tn + 7.0V( 2 ) 

Vpp Supply Voltage with 
Respect to Ground 

During Erase/Program -2.0V to + 14.0V( 2 > 3 ) 

V CC Supply Voltage with 

Respect to Ground -2.0 V to +7.0V( 2 ) 

Output Short Circuit Current 100 mA( 4 ) 

NOTES: 


NOTICE: This is a production data sheet. The specifi- 
cations are subject to change without notice. 

* WARNING: Stressing the device beyond the “Absolute 
Maximum Ratings” may cause permanent damage. 
These are stress ratings only. Operation beyond the 
“Operating Conditions” is not recommended and ex- 
tended exposure beyond the “Operating Conditions” 
may affect device reliability. 


1. Operating temperature is for commercial product defined by this specification. 

2. Minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods less 
than 20 ns. Maximum DC voltage on output pins is Vqq + 0.5V, which may overshoot to Vcc + 2.0V for 
periods less than 20 ns. 

3. Maximum DC voltage on Vpp may overshoot to + 14.0V for periods less than 20 ns. 

4. Output shorted for no more than one second. No more than one output shorted at a time. 


OPERATING CONDITIONS 


Symbol 

Parameter 

Limits 

Unit 

Comments 

Min 

Max 

Ta 

Operating Temperature 

0 

70 

°C 

For Read-Only and 
Read/Write Operations 

Vcc 

Vcc Supply Voltage 

4.50 

5.50 

V 
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DC CHARACTERISTICS— TTL/NMOS COMPATIBLE 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typ 

Max 

>LI 

Input Leakage Current 

3 



±8.0 

/utA 

Vcc = Vcc Max 

V|n = Vcc or Vss 

•lo 

Output Leakage Current 

3 



±40.0 

fiA 

Vcc = Vcc Max 
v out = Vcc or Vss 

lees 

Vcc Standby Current 

1,3 



8.0 

mA 

Vcc = Vcc Max 

CE = V|H 

•cci 

Vcc Active Read Current 

2,3 


26 

66 

mA 

Vcc = Vcc Max, CE = V, L 
f = 6 MHz, Iqut = 0 mA 

•CC2 

Vcc Programming Current 

2,3 


8.0 

26 

mA 

Programming in Progress 

*CC3 

Vcc Erase Current 

2,3 


16.0 

36 

mA 

Erasure in Progress 

! CC4 

Vcc Program Verify Current 

2,3 


16.0 

36 

mA 

Vpp = VppH 

Program Verify in Progress 

! CC5 

Vcc Erase Verify Current 

2,3 


16.0 

36 

mA 

Vpp = VppH 

Erase Verify in Progress 

■PPS 

Vpp Leakage Current 

3 



±80 

ju,A 

Vpp ± Vcc 

•PPI 

Vpp Read Current 
or Standby Current 

3 


0.7 

1.6 

mA 

Vpp > Vcc 


±80 

jlaA 

Vpp ^ Vcc 

IPP2 

Vpp Programming Current 

2,3 


16.5 

61.2 

mA 

Vpp = VppH 

Programming in Progress 

*PP3 

Vpp Erase Current 

2,3 


12.5 

61.2 

mA 

Vpp = VppH 

Erasure in Progress 

lpP4 

Vpp Program Verify Current 

2,3 


4.5 

11.2 

mA 

Vpp = VppH 

Program Verify in Progress 

>PP5 

Vpp Erase Verify Current 

2,3 


4.5 

11.2 

mA 

Vpp = VppH 

Erase Verify in Progress 

V| L 

Input Low Voltage 


-0.5 


0.8 

V 


V|H 

Input High Voltage 


2.0 


Vcc + 0.5 

V 


VOL 

Output Low Voltage 




0.45 

V 

Iql = 5.8 mA 

Vcc = Vcc Min 

V OH1 

Output High Voltage 


2.4 



V 

Ioh = “2.5 mA 

Vcc “ Vcc Min 

VppL 

Vpp during Read-Only 
Operations 


0.00 


6.5 

V 

NOTE: Erase/ Program are 
Inhibited when Vpp = Vppi_ 

VppH 

Vpp during Read/Write 
Operations 


11.40 


12.60 

V 


V LKO 

Vcc Erase/Write 

Lock Voltage 


2.5 



V 



NOTES: 

1 • Vcc standby current for 8 devices. 

2. Calculations assume only the 2 devices of the 1 6-bit word are enabled. The remaining 6 devices are in standby. 

Current will be higher if interleaving is used. 

3. All currents are in RMS unless otherwise noted. Typical values at Vcc = 5.0V, Vpp = 12.0V, T = 25°C. These currents 
are valid for all product versions (packages and speeds). 
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DC CHARACTERISTICS— CMOS COMPATIBLE 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Conditions 

Min 

Typ 

Max 

lu 

Input Leakage Current 

3 



±8.0 

fiA 

Vcc = Vcc Max 

V|n = Vcc or Vss 

Ilo 

Output Leakage Current 

3 



±40.0 

jiiA 

Vcc = v cc Max 

VoUT = Vcc or Vss 

•CCS 

V UU v “ ilC41 WL4I 1 Ol 11 

a n 
i j u 


rv a 

W.-r 

rv o 
v.u 

— A 

1 1 1 f~\ 

»UU "UU 

CE = V C c ±0.2V 

Icci 

Vcc Active Read Current 

2,3 


20.3 

60.6 

mA 

Vcc = v cc Max, CE = V, L 
f = 6 MHz, Iqut = 0 mA 

>CC2 

Vcc Programming Current 

2,3 


2.3 

20.6 

mA 

Programming in Progress 

•CC3 

Vcc Erase Current 

2,3 


10.3 

30.6 

mA 

Erasure in Progress 

<CC4 

Vcc Program Verify Current 

2,3 


10.3 

30.6 

mA 

Vpp = VppH 

Program Verify in Progress 

ICC5 

Vcc Erase Verify Current 

2,3 


10.3 

30.6 

mA 

Vpp = VppH 

Erase Verify in Progress 

Ipps 

Vpp Leakage Current 




±80 

jliA 

Vpp < Vcc 

IPPI 

Vpp Read Current 
or Standby Current 

3 


0.7 

1.6 

mA 

o 

o 

> 

A 

Q_ 

CL 

> 


±80 

juA 

o 

o 

> 

VI 

Q_ 

CL 

> 

lpP2 

Vpp Programming Current 

2, 3 


16.5 

61.2 

mA 

Vpp - VppH 

Programming in Progress 

IPP3 

Vpp Erase Current 

2,3 


12.5 

61.2 

mA 

Vpp = VppH 

Erasure in Progress 

lpP4 

Vpp Program Verify Current 

2,3 


4.5 

11.2 

mA 

Vpp = VppH 

Program Verify in Progress 

>PP5 

Vpp Erase Verify Current 

2,3 


4.5 

11.2 

mA 

Vpp = VppH 

Erase Verify in Progress 

VlL 

Input Low Voltage 


-0.5 


0.8 

V 


Vih 

Input High Voltage 


0.7 V CC 


Vcc + 0.5 

V 


V 0 L 

Output Low Voltage 




0.45 

V 

Iql = 5.8 mA 
v cc = v cc Min 

V OH1 

Output High Voltage 


0.85 V CC 



V 

Iqh = — 2.5 mA, 

V CC = v cc Min 

VOH2 

Vcc ~~ 0.4 

Ioh = -100 jliA, 

V CC = v cc Min 

VppL 

Vpp during Read-Only 
Operations 


0.00 


6.5 

V 

NOTE: Erase/Program are 
Inhibited when Vpp = Vpp[_ 

VpPH 

Vpp during Read/Write 
Operations 


11.40 


12.60 

V 


VLKO 

Vcc Erase/Write 

Lock Voltage 


2.5 



V 



NOTES: 

1 . Vqc standby current for 8 devices. 

2. Calculations assume only the 2 devices of the 1 6-bit word are enabled. The remaining 6 devices are in standby. 

Current will be higher if interleaving is used. 

3. All currents are in RMS unless otherwise noted. Typical values at Vcc = 5.0V, Vpp = 12.0V, T = 25°C. These currents 
are valid for all product versions (packages and speeds). 
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CAPACITA 

MCE* 1 ) T a = 25°C, f = 1.0 MHz 

Symbol 

Parameter 

i 

Notes 

Limits 

Unit 

Conditions 

Min 

Max 

C|N1 

Address Capacitance 

2 


60 

pF 

Vin = 0V 

C|N2 

Control Capacitance 

2 


65 

pF 

> 

O 

II 

z 

> 

COUT 

Output Capacitance 

2 


55 

pF 

VquT = ov 


NOTES: 

1. Trace capacitance calculated, not measured. 

2. Address and control capacitance of a typical device is 6 pF. 

3. Output capacitance of a typical device is 12 pF. 


AC TEST CONDITIONS 

Input Rise and Fall Times (10% to 90%) 10 ns 


Input Pulse Levels 0.45V and 2.4V 

Input Timing Reference Level 0.8V and 2.0V 

Output Timing Reference Level 0.8V and 2.0 V 


AC CHARACTERISTICS — Read-Oniy operations* 2 ) 


Versions 

Notes 

iSM001FLKA-120 

iSMO0 1 FLK A-200 

Unit 

Symbol 

Characteristic 

Min 

Max 

Min 

Max 

tAVAV/tRC 

Read Cycle Time 

3 

120 


200 


ns 

tELQvAcE 

Chip Enable 

Access Time 



120 


200 

ns 

tAVQv/tACC 

Address Access 
Time 



120 


200 

ns 

tGLQv/tOE 

Output Enable 
Access Time 



50 


60 

n 

tELOX^LZ 

Chip Enable to 
Output in Low Z 

H 

0 


0 


sa 

*EHQZ 

Chip Disable to 
Output in High Z 

H 





ns 

tGLQx/toLZ 

Output Enable to 
Output in Low Z 

H 

0 


0 


ns 

tGHQzADF 

Output Disable to 
Output in High Z 


4 

30 


40 

ns 

tOH 

Output Hold from 
Address, CE, 
or OE Change 

3 

0 


0 


ns 

tWHGL 

Write Recovery 
Time before 

Read 


6 


6 


jUtS 


NOTES: 

1 . Whichever occurs first. 

2. Rise/Fall Time ^ 10 ns. 

3. Not 100% tested: Characterization data available. 

4. Guaranteed by design. 
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Figure 7. AC Waveforms for Read Operations 
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AC CHARACTERISTICS— Write/Erase/Program Operations^* 2) 


Versions 

iSM001FLKA-120 

iSMOOl FLKA-200 

Unit 

Symbol 

Characteristic 

Notes 

Min 

Max 

Min 

Max 

tAVAV/twe 

Write Cycle Time 


120 


200 


ns 

tAVWL/tAS 

Address Set-up Time 


0 


0 


ns 

tWLAX/tAH 

Address Hold Time 


60 


75 


ns 

tDVWH/tDS 

Data Set-up Time 


50 


50 


ns 

tWHDX/tDH 

Data Hold Time 


10 


10 


ns 

tWHGL 

Write Recovery Time 
before Read 


6 


6 


JULS 

tGHWL 

Read Recovery 

Time before Write 


0 


0 


jllS 

tELWL/tcS 

Chip Enable Set-up 
Time before Write 


20 


20 


ns 

tWHElVtCH 

Chip Enable 

Hold Time 


0 


0 


ns 

tWLWH/tWP 

Write Pulse Width 

2 

60 


60 


ns 

tWHWL/twPH 

Write Pulse 

Width High 


20 

[ 

20 


ns 

tWHWHI 

Duration of 
Programming 

Operation 

3 

10 


10 


juts 

tWHWH2 

Duration of Erase 
Operation 

3 

9.5 


9.5 


ms 

tVPEL 

Vpp Set-up Time to 
Chip Enable Low 


1.0 


1.0 


julS 


NOTES: 

1 . Read timing characteristics during read/write operations are the same as during read-only operations. Refer to AC Char- 
acteristics for Read-Only Operations. 

2. Rise/Fall time < 10 ns. 

3. The integrated stop timer terminates the program/erase operations, thereby eliminating the need for a maximum specifi- 
cation. 

ERASE AND PROGRAMMING PERFORMANCE 







Limits 



Parameter 

Notes 

28F010-120 

28F010-200 

Unit 



Min 

Typ 

Max 

Min 

Typ 

Max 


Chip Erase Time 

1,3,4 


1 

10 


1 

30 

Sec 

Chip Program Time 

1,2,4 


2 

12.5 


2 

12.5 

Sec 

Erase/ Program Cycles 

1.5 

10,000 

100,000 

1 

10,000 

100,000 


Cycles 


NOTES: 

1. Typicals are not guaranteed, but based on a limited number of samples from production lots. Data taken at 25°C, 12.0V 

Vpp. 

2. Minimum byte programming time excluding system overhead is 16 jus (10 jas program + 6 jus write recovery), while 
maximum is 400 jas/byte (16 jas x 25 loops allowed by algorithm). Max chip programming time is specified lower than the 
worst case allowed by the programming algorithm since most bytes program significantly faster than the worst case byte. 

3. Excludes 00H Programming prior to Erasure. 

4. Excludes System-Level Overhead. 

5. Refer to RR-60 “ETOXtmh Flash Memory Reliability Data Summary” for typical cycling data and failure rate calculations. 
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Figure 9. 28F010 Typical Program Time at 12V 
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Figure 12. AC Waveforms for Programming Operations 
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Figure 13. AC Waveforms for Erase Operations 
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ALTERNATIVE CE-CONTROLLED WRITES 


Versions 

28F010-120 

28F0 10-200 

Unit 

Symbol 

Characteristic 

Notes 

Min 

Max 

Min 

Max 

*AVAV 

Write Cycle Time 


120 


200 


ns 

tAVEL 

Address Set-Up Time 


0 


0 


ns 

tELAX 

Address Hold Time 


80 


95 


ns 

ti^wr-i j 

Data Set-Uo Time 


50 


50 


ns 

tEHDX 

Data Hold Time 


10 


10 


ns 

*EHGL 

Write Recovery Time 
before Read 


6 


6 


JUS 

*GHEL 

Read Recovery Time 
before Write 


0 


0 


JUS 

tWLEL 

Write Enable Set-Up Time 
before Chip Enable 


0 


0 


ns 

tEHWH 

Write Enable Hold Time 


0 


0 


ns 

tELEH 

Write Pulse Width 

1 

70 


80 


ns , 

tEHEL 

Write Pulse Width High 


20 


20 


ns 

tVPEL 

Vpp Set-Up Time to Chip 
Enable Low 


1.0 

i 


1.0 


JUS 


N0TE: 

1. Chip-Enable Controlled Writes: Write operations are driven by the valid combination of Chip-Enable and Write-Enable. In 
systems where Chip-Enable defines the write pulse width (within a longer Write-Enable timing waveform) all set-up, hold and 
inactive Write-Enable times should be measured relative to the Chip-Enable waveform. 
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Figure 14. Alternate AC Waveforms for Programming Operations 
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APPENDIX A 

PARTIAL LISTO) OF 80-PIN SIMM SOCKET COMPANIES 


AMP INCORPORATED 
HARRISBURG, PA 17105 
(800) 522-6752 

BURNDY CORPORATION 
51 RICHARDS AVENUE 
NORWALK, CT 06856 
(203) 838-4444 

MOLEX 

2222 WELLINGTON COURT 
LISLE, IL 60532 
(708) 969-4550 

NOTES: 

1. This list is intended for example only, and in no way represents all companies that support 80-pin SIMM Sockets. Intel 
Corporation assumes no responsibility for circuitry other than circuitry embodies in an Intel product. No other circuit patent 
licenses are implied. 

2. Socket reliability data can be obtained from the above companies upon request. 
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APPENDIX B 

PARALLEL ERASE FLOW CHART 



COMMENTS 


Wait for Vpp to stabilize. 


Use Quick-Pulse Programming 
algorithm. 


Initialize Variables: 

TEW = Erase duration (width) 
PLSCNT = Pulse Counter 
ADRS = Address 

E COM = Erase Command 

V COM = Verify Command 

Erase Set-up Command 


Start Erasing 


Duration of Erase Operation. 


Erase Verify Command stops 
erasure. 

See next page for subroutine. 


When both devices at ADRS are 

erased, F DATA= FFFFH. 

If not equal, increment the pulse 
counter and check for last pulse. 

Reset commands to default 

(E COM = 2020H, 

V COM = AOAOH) 

before verifying next ADRS. 


Reset devices for read operation. 


Turn off Vpp. 


290244-14 
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Device Verify and Mask Subroutine 


C 


START SUBROUTINE 


T 




TIME OUT 6 vs 



COMMENTS 


This subroutine reads the data word 

(F DATA). It then masks the HI or 

LO Byte of the Erase and Verify 
commands from executing during 
the next operation. 


If both HI and LO bytes verify, then 
return. 


Mask* the HI Byte with 00H. 


If the LO Byte verifies erasure, then 
mask* the erase and verify 
commands with OOFFH(Reset). 


Mask* the LO Byte with 00H. 


If the HI Byte verifies erasure, then 
mask* the erase and verify 
commands with FFOOH(Reset). 


* Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming flash 
data (F DATA), the erase commands and the verify commands. Then manipulate the HI or LO register contents. 
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APPENDIX C 

PARALLEL PROGRAMMING FLOW CHART 



COMMENTS 

Wait for Vpp ramp to Vppn 

PLSCNT - Pulse Counter 

ADRS = address to program 
P DAT = data word to program 

Initialize Data Word Variables: 

V DAT = valid data 

P COM = Program Command 

V COM = Verify Command 

Program Set-up Command 
xx = Address don’t care 

Program 

See next page for subroutine 
Program Verify Command 

F DAT = flash memory data 

Compare flash memory data 
to valid data (word compare). If not 
equal, increment pulse counter 
and check for last pulse. If not last 
pulse, compare High and Low 
Byte. 

Check buffer or I/O port for 
more data to program. 

Reset device for read operation. 
Turn off Vpp. 
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Program Verify and Mask Subroutine 


(sTART SUBROUTINE^ 


j LO_BYTE = (F_DATA AND OOFFH) 



COMMENTS 


MASK* the HI Byte with OOH. 


If the LO Byte Verifies, then 
mask* the program and verify 
command with OOFFH 
(RESET). 


Mask* the LO Byte with OOH. 


If HI Byte Verifies, then mask* 
the program and erase 
command with FFOOH 
(RESET). 


NOTE: 

* Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming flash 
data (F_DATA), the erase commands and the verify commands. Then manipulate the HI or LO register contents. 
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Valid Combinations: 

iSMOOl FLKA-120 
iSMOOl FLKA-200 


ADDITIONAL INFORMATION Order Number 

ER-20, “ETOXtm || Flash Memory Technology” 294005 

ER-24, “The Intel 28F010 Flash Memory” 294008 

RR-60, “ETOXtm || Flash Memory Reliability Data Summary” 293002 

AP-31 6, “Using Flash Memory for In-System Reprogrammable 292046 

Nonvolatile Storage” 

AP-325, “Guide to Flash Memory Reprogramming” 292059 

AP-343, “Flash Memory — A Mass Storage Medium” 292079 
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1 -MEGABYTE FLASH MEMORY CARD 


■ Inherent Nonvolatility (Zero Retention 
Power) 

- No Batteries Required for Back-up 

■ Over 1,000,000 Hours MTBF 

- More Reliable than Disk 

■ High-Performance Read 

- 250 ns Maximum Access Time 

■ CMOS Low Power Consumption 

- 25 mA Typical Active Current (X8) 

- 400 fxA Typical Standby Current 

■ Flash Electrical Zone-Erase 

- 1 Second Typical per 128 K-Byte Zone 

- Multiple Zone Erase >128 K-Bytes/Sec 

■ Random Writes to Erased Zones 

- 10 |xs Typical Byte Write 


■ Write Protect Switch to Prevent 
Accidental Data Loss 

■ Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

■ ETOX™ II Flash Memory Technology 

- 5V Read, 1 2V Erase/Write 

- High-Volume Manufacturing 
Experience 

■ PCMCIA/JEIDA 68-Pin Standard 

- Byte- or Word-wide Selectable 

■ Independent Software & Hardware 
Vendor Support 

- Integrated System Solution Using 
Flash Filing Systems 


Intel’s Flash Memory Card is the integrated memory solution for portable PCs. The iMCOOIFLKA enables 
OEM system manufacturers to design portable PCs that no longer require rotating electro-mechanical media 
to store application code and data files. This allows the design and manufacture of PCs that are higher 
performance, more rugged, consume less battery power, and weigh much less than traditional disk-based 
portable PCs. The flash memory card supports the emerging “Mobile Office” by allowing the user to transport 
both application code and data files between desktop PCs and portables. 

The iMCOOIFLKA conforms to the PCMCIA/JEIDA international standard, providing compatibility at the 
hardware and data interchange level. OEMs may opt to write the Card Information Structure (CIS) at the 
memory card’s address 00000H with a format utility. This information provides data interchange functional 
compatibility. The 250 nanosecond access time allows for “execute-in-place” capability, for popular low- 
power microprocessors. Intel’s 1 -Megabyte Flash Memory Card operates in a byte-wide and word-wide 
configuration providing performance/power options for different systems. 

Intel’s Flash Memory card employs Intel’s ETOX II Flash Memories. Filing systems, such as Microsoft’s* 
Flash File System (FFS), facilitate sequential data file storage and card erasure using a purely nonvolatile 
medium. Flash filing systems, coupled with the Intel Flash Memory Card, effectively create an all-silicon 
nonvolatile read/write random access memory system that is more reliable and higher performance than 
disk-based memory systems. 

*Microsoft is a trademark of Microsoft Corp. 


Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. October 1 990 
© INTEL CORPORATION, 1 990 Order Number: 290399-001 




NOTES: 

1. REG = register memory select = No Connect (NC), unused. When REG is brought low, PCMCIA/JEIDA standard 
card information structure data is expected. This is accomplished by formatting the card with this data. 

2. BVD = battery detect voltage = No Connect (NC), unused. 

Figure 1. iMCOOIFLKA Pin Configurations 
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Table 1. Pin Description 


Symbol 

Type 

Name and Function 

Ao - A-,9 

INPUT 

ADDRESS INPUTS for memory locations. Addresses are internally 
latched during a write cycle. 

d 0 -d 15 

1 

INPUT/ 

OUTPUT 

DATA INPUT/OUTPUT: inputs data during memory write cycles; outputs 
data during memory read cycles. The data pins are active high and float to 
tri-state OFF when the card is deselected or the outputs are disabled. 

Data is interna!!'' latched Hiirinn a write cvcle. 

Ol 

ml 

Ol 

ml 

INPUT 

CARD ENABLE: activates the card’s high and low byte control logic, input 
buffers, zone decoders, and associated memory devices. CE is active 
low; CE high deselects the memory card and reduces power consumption 
to standby levels. 

OE 

INPUT 

OUTPUT ENABLE: gates the cards output through the data buffers during 
a read cycle. OE is active low. 

WE 

INPUT 

WRITE ENABLE controls writes to the control register and the array. Write 
enable is active low. Addresses are latched on the falling edge and data is 
latched on the rising edge of the WE pulse. 

Note: With V PP ^ 6.5V, memory contents cannot be altered. 

Vppi, Vpp 2 


ERASE/WRITE POWER SUPPLY for writing the command register, 
erasing the entire array, or writing bytes in the array. 

Vcc 


DEVICE POWER SUPPLY (5V ± 5%). 

GND 


GROUND 

CD^ CD 2 

OUTPUT 

CARD DETECT. The card is detected at CD! 2 = ground. 

WP 

OUTPUT 

WRITE PROTECT. All write operations are disabled with WP = active high. 

NC 


NO INTERNAL CONNECTION to device. Pin may be driven or left 
floating. 

BVD,, BVD 2 

OUTPUT 

BATTERY VOLTAGE DETECT. NOT REQUIRED. 



iMCOOIFLKA 
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Figure 2. iMCOOIFLKA Block Diagram 
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APPLICATIONS 


The iMCOOl FLKA Flash Memory Card allows for the 
storage of data files and application programs on a 
purely solid-state removable medium. System resi- 
dent flash filing systems, such as Microsoft’s Flash 
File System, allow Intel’s ETOX II highly reliable 
Flash Memory Card to effectively function as a 
physical disk drive. The Intel Flash Memory Card in 


innovative alternative to both fixed hard disks 
and floppy disks in DOS-compatible portable PCs. 


User application software stored on the flash mem- 
ory card substantially reduces the slow disk-DRAM 
download process. Replacing the disk results in a 
dramatic enhancement of read performance and 
substantial reduction of active power consumption, 
size, and weight — considerations particularly im- 
portant in portable PCs and equipment. The 
iMCOOl FLKA’s high performance read access time 
and command register microprocessor write inter- 
face allows for use of the flash memory system in 
an “execute-in-place” architecture. This configura- 
tion eliminates the need for the redundancy asso- 
ciated with DRAM and Disk memory system 
architectures. ROM based operating systems, such 
as Microsoft’s MS-DOS ROM Version allow for 
“instant-on” capability. This enables the design of 
PCs that boot, operate, store data files, and execute 
application code from/to purely nonvolatile memory. 


Flash write performance is often 50% higher than 
hard disks for typical user file storage. This equates 
to ten times more performance when compared to 
“spun-down” disks, the common practice for port- 
able machines. 


Flash filing systems enable the storage and modi- 
fication of data files by allocating flash memory 
space intelligently, thus minimizing the number of 
rewrite cycles. This management function allows 
the user to rewrite reliably to the flash memory card 
many more times than a fixed or floppy disk which 
concentrate rewrite operations into small fixed por- 
tions of the medium. 


Flash filing systems implement Intel’s Flash Memory 
Card as a redirected disk drive; similar to structures 
used in local area networks. This enables the end 
user to interact with the flash memory card in pre- 
cisely the same way as a magnetic disk. Filing sys- 
tems that run under popular operating systems, 
such as MS-DOS, can use the installed base of 
application software. 

The Minrnsnft Flash File System enables the stor- 
age and modification of datafiles by utilizing a linked 
list directory structure that is evenly distributed 
along with the data across the memory card- The 
linked list approach minimizes file fragmentation 
losses by using variable-sized data structures 
rather than the standard sector/cluster method of 
disk-based systems. 

The integration of the PCMCIA/JEIDA 68-pin inter- 
face with flash filing systems enables the end-user 
to transport user files and application code between 
portable PCs and desktop PCs with memory card 
Reader/Writers. Intel Flash PC cards provide du- 
rable nonvolatile memory storage for Notebook PCs 
on the road, facilitating simple, transfer back into the 
desktop environment. 


For systems currently using a static RAM/battery 
configuration for data acquisition, the iMCOOl FLKA’s 
inherent nonvolatility eliminates the need for battery 
backup. The concern for battery failure no longer 
exists, an important consideration for portable com- 
puters and medical instruments, both requiring con- 
tinuous operation. The iMCOOl FLKA consumes no 
power when the system. is off. In addition, the 
iMCOOIFLKA offers a considerable cost and den- 
sity advantage over memory cards based on static 
RAM with battery backup. 



The flash memory card’s electrical zone-erasure, 
byte writability, and complete nonvolatility fit well 
with data accumulation and recording needs. Elec- 
trical zone-erasure gives the designer the flexibility 
to selectively rewrite zones of data while saving 
other zones for infrequently updated look-up tables. 
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PRINCIPLES OF OPERATION 

Intel’s Flash Memory Card combines the function- 
ality of two mainstream memory technologies: the 
rewritability of RAM and the nonvoiatility of EPROM. 
The flash memory card consists of an array of in- 
dividual memory devices, each of which defines a 
physical zone. The iMCOOl FLKA’s memory devices 
erase as individual blocks, equivalent in size to the 
128 K-Byte zone. Multiple zones can be erased si- 
multaneously provided sufficient current for the ap- 
propriate number of zones (memory devices). Note, 
multiple zone erasure requires higher current from 
both the V PP and V cc power supplies. Erased zones 
can then be written in bit- or byte-at-a-time fashion 
and read randomly like RAM. Bit level write capa- 
bility also supports disk emulation. 

In the absence of high voltage on the V PP1/2 pins, 
the iMCOOIFLKA remains in the read-only mode. 
Manipulation of the external memory card-control 
pins yields the standard read, standby, and output 
disable operations. 

The same read, standby, and output disable oper- 
ations are available when high voltage is applied to 
the V PP1/2 pins. In addition, high voltage on V PP1/2 
enables erasure and rewriting of the accessed 
zone(s). All functions associated with altering zone 
contents — erase, erase verify, write, and write ver- 
ify — are accessed via the command register. 

Commands are written to the internal memory reg- 
isters), decoded by zone size, using standard mi- 
croprocessor write timings. Register contents for a 
given zone serve as input to that zone’s internal 
state-machine which controls the erase and rewrite 
circuitry. Write cycles also internally latch addresses 
and data needed for write and erase operations. 
With the appropriate command written to the reg- 
isters), standard microprocessor read timings out- 
put zone data, or output data for erase and write 
verification. 

Byte-wide or Word-wide Selection 

The flash memory card can be read, erased, and 
written in a byte-wide or word-widejriode. In the 
word-wide configuration V PP1 and/or CE, control the 
LO-Byte (with A 0 = O) while V PP2 and CE 2 control the 
Hl-Byte (A 0 = don’t care). 

Read, Write, and Verify operations are byte- or 
word-oriented, thus zone independent. Erase Set- 
up and Begin Erase Commands are zone depend- 
ent such that commands written to any address 
within a 1 28 K-Byte zone boundary initiate the erase 


operation in that zone (or two 128 K-Byte zones 
under word-wide operation). 

Conventional x8 operation uses CE^ active-low, 
with CE 2 high, to read or write data through the Do- 
07 only. “Even bytes” are accessed when A 0 is low, 
corresponding to the low byte of the complete x16 
word. When A 0 is high, the “odd byte” is accessed 
by transposing the high byte of the complete x16 
word onto the D 0 -D 7 outputs. This odd byte corre- 
sponds to data presented on D 8 -D 15 pins in x16 
mode. 

Note that two zones logically adjacent in x16 mode 
are multiplexed through D 0 -D 7 in x8 mode and are 
toggled by the A 0 address. Thus, zone specific 
erase operations must be kept discrete in x8 mode 
by addressing even bytes only for one-half of the 
zone pair, then addressing odd bytes only for the 
other half. 

Card Detection 

The flas h memory card features two card detect 
pins (CD 1/2 ) that allow the host system to determind 
if the card is properly loaded. Note that the two pins 
are located at opposite ends of the card. Each CD 
output should be read through a port bit. Should only 
one of the two bits show the card to be present, then 
the system should instruct the user to re-insert the 
card squarely into the socket. Card detection can 
also tell the system whether or not to redirect drives 
in the case of system booting. CD 1/2 is active low, 
internally tied to ground. 

Write Protection 

The flash memory card features three types of write 
protection. The first type features a mechanical 
Write Protect Switch that disables the circuitry that 
control Write Enable to the flash devices. When the 
switch is activated, WE is forced high, which dis- 
ables any writes to the Command Register. The 
second type of write protection is based on the 
PCMCIA/JEIDA socket. Unique pin length assign- 
ments provide protective power supply sequencing 
during hot insertion and removal. The third type op- 
erates via software control through the Command 
Register when the card resides in its connector. The 
Command Register of each zone is only active when 
V PP1/2 is at high voltage. Depending upon the appli- 
cation, the system designer may choose to make 
V PP1/2 power supply switchable — available only 
when writes are desired. When V PP1/2 = V PPL , the 
contents of the register default to the read com- 
mand, making the iMCOOl FLKA a read-only mem- 
ory card. In this mode, the memory contents cannot 
be altered. 
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The system designer may choose to leave V PP1/2 = 
V PPH> making the high voltage supply constantly 
available. In this case, all Command Register func- 
tions are inhibited whenever V cc is below the write 
lockout voltage, V lko . (See the section on Power 
Up/Down Protection.) The iMCOOIFLKA is de- 
signed to accommodate either design practice, and 
to encourage optimization of the processor-memory 
card interface. 

BUS OPERATIONS 

Read 

The iMCOOl FLKA has two control functions, both 
of which must be logically active, to obtain data at 
the outputs. Card Enable (CE) is the power control 
and should be used for J]jgh and/or low zone(s) se- 
lection. Output Enable (OE) is the output control and 
should be used to gate data from the output pins, 
independent of accessed zone selection. In the 
byte-wide configuration, only one CE is required. 
The word-wide configuration requires both CEs 
active low. 


Int e ligent Identifier™ Command 

The manufacturer- and device-codes can be read 
via the Command Register, for instances where the 
iMCOOl FLKA is erased and rewritten in a universal 
reader/writer. Following a write of 90H to a zone’s 
Command Register, a read from address location 
00000H on any zone outputs the manufacturer code 
(89H). A read from address 0002H outputs the 
memory device code (B4H). 

Write 

Zone erasure and rewriting are accomplished via 
the Command Register, when high voltage is ap- 
plied to V PP1/2 . The contents of the register serve 
as input to that zone’s internal state-machine. The 
state-machine outputs dictate the function of the 
targeted zone. 

The Command Register itself does not occupy an 
addressable memory location. The register is a 
latch used to store the command, along with ad- 
dress and data information needed to execute the 
command. 


When V PP1/2 is high (V PPH ), the read operations can 
be used to access zone data and to access data for 
write/erase verification. When V PP1/2 is low (V PPL ), 
only read accesses to the zone data are allowed. 

Output Disable 

With Output Enable at a logic-high level (V 1H ), output 
from the card is disabled. Output pins are placed in 
a high-impedance state. 

Standby 

With one Card Enable at a logic-high level, the 
standby operation disables one-half of the xl 6 out- 
put’s read/write buffer. Further, only the zone cor- 
responding to the selected address within the upper 
or lower CE 1>2 bank is active at a time. (NOTE: Aq 
must bejow to select the low half of the x16 word 
when CE 2 = 1 and CE, = 0.) All other zones are 
deselected, substantially reducing card power con- 
sumption. For deselected banks, the outputs are 
placed in a high-impedance state, independent of 
the Output Enable signal. If the iMCOOl FLKA is de- 
selected during erasure, writing, or write/erase ver- 
ification, the accessed zone draws active current 
until the operation is terminated. 


The Command Register is written by bringing Write 
Enable to a logic-low level (V IU ), while Card Ena- 
ble^) is/are low. Addresses are latched on the fall- 
ing edge of Write Enable, while data is latched on 
the rising edge of the Write Enable pulse. Standard 
microprocessor write timings are used. 


Refer to AC Write Characteristics and the Erase/ 
Write Waveforms for specific timing parameters. 

COMMAND DEFINITIONS 

When low voltage is applied to the V PP pin(s), the 
contents of the zone Command Register(s) default 
to 00H, enabling read-only operations. 



Placing high voltage on the V PP pin(s) enable(s) 
read/write operations. Zone operations are se- 
lected by writing specific data patterns into the 
Command Register. Tables 3 and 4 define these 
iMCOOl FLKA register commands for both byte- 
wide and word-wide configurations. 
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Table 2. Bus Operations 


Pins 

Notes 

[1,7] 

V PP2 

[1,7] 

Vppi 

A0 

ce 2 

CE , 

OE 


Db-D 15 

D 0 -D 7 

Operation 

WE 

READ-ONLY 

Read (x8) 

8 

VppL 

VppL 

V| L 

V,H 

V,L 

V| L 

V| H 

High Z 

Data Out-Even 

Read (x8) 

9 

VppL 

VppL 

V,H 

V, H 

V, L 

y IL 

V,H 

High Z 

Data Out-Odd 

Read (x8) 

10 

VppL 

VppL 

X 

V,L 

V,H 

V,L 

V| H 

Data Out 

High Z 

Read (x16) 

11 

VpPL 

VppL 

X 

V|L 

V, L 

V|L . 

V| H 

Data Out 

Data Out 

Output Disable 


VppL 

VppL 

X 

X 

X 

V| H 

V| H 

High Z 

High Z 

Standby 


VppL 

VppL 

X 

V,H 

V,H 

X 

X 

High Z 

High Z 

READ/WRITE 

Read (x8) 

3,8 

Vppx 

VpPH 

V,L 

V, H 

V,L 

V|L ' 

V, H 

High Z 

Data Out-Even 

Read (x8) 

3,9 

VppH ■ 

Vppx 

V| H 

V| H 

V| L 

V, L ' 

V, H 

High Z 

Data Out-Odd 

Read (x8) 

10 

VppH 

Vppx 

X 

V,L 

V, H 

V| L 

V, H 

Data Out 

High Z 

Read (x16) 

3, 11 

VppH 

VppH 

X 

V,L 

V IL 

V, L 

V, H 

Data Out 

Data Out 

Write (x8) ' 

5,8 

Vppx 

VppH 

V, L 

V| H 

V, L 

V| H 

. V IL 

High Z 

Data In-Even 

Write (x8) 

9 

VppH 

Vppx 

V| H 

V,H 

V 1L 

V| H 

V, L 

High Z 

Data In-Odd 

Write (x8) 

10 

VppH 

Vppx 

X 

V IL 

V| H 

V| H 

V, L 

Data In 

High Z 

Write (xl 6) 

11 

VppH 

VpPH 

X 

V, L 

V,L 

V| H 

V|L 

Data In 

Data In 

Standby 

4 

VppH 

VppH 

X 

V|H 

V,H 

X 

X 

High Z 

High Z 

Output Disable 


VppH 

VppH 

X 

X 

X 

V| H 

V| L 

High Z 

High Z 


Notes: 

1. Refer to DC Characteristics. When V PP1/2 = V PPL memory contents can be read but not written or erased. 

2. Manufacturer and device codes may be accessed via a command register write sequence. 

Refer to Table 3. All other addresses low. 

3. Read operations with V PP1/2 = Vpph may access array data or the Inteligent Identifier codes. 

4. With V PP1/2 at high voltage, the standby current equals l C c + Ipp (standby). 

5. Refer to Table 3 for valid Data-In during a write operation. 

6. X can be V, L or V,h. 

7. V PPX = V PPH or V PPL . 

8. This x8 operation reads or writes the low byte of the x16 word on DQ 0 . 7) i.e., A 0 low reads “even” byte in x8 mode. 

9. This x8 operation reads or writes the high byte of the x16 word on DQ 0 . 7 (transposed from DQ 8 . 15 ), i.e., A 0 high reads 

“odd” byte in x8 mode. 

10. This x8 operation reads or writes the high byte of the x16 on DQ 8 . 15 . A 0 is “don’t care.” 

11. A 0 is “don’t care,” unused in x16 mode. High and low bytes are presented simultaneously. 
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Table 3. Command Definitions byte-wide mode 


Command 

Notes 

Bus 

Cycles 

Req’d 

First Bus Cycle 

Second Bus Cycle 

Operation^ Address^ Data^ 

Operation^ Address^ Data^ 

Read Memory 


1 

Write 

X 

00H 




Read Inteligent ID Codes 

4 

3 

Write 

IA 

90H 

Read 



Set-up Erase/Erase 

5 

2 

Write 

ZA 

20 H 

Write 

ZA 

20H 

Erase Verify 

5 

2 

Write 

EA 

AOH 

Read 

EA 

EVD 

Set-up Write/Write 

6 

2 

Write 

WA 

40H 

Write 

WA 

WD 

Write Verify 

6 

2 

Write 

WA 

COH 

Read 

WA 

WVD 

Reset 

7 

2 

Write 

X 

FFH 

Write 

X 

FFH 


Table 4. Command Definitions word-wide mode 


Command 

Notes 

Bus 

Cycles 

Req’d 

First Bus Cycle 

Second Bus Cycle 

Operational Address^ Data^i 

Operational Address^ Datai 3 ! 

Read Memory 


1 

Write 

X 

0000H 




Read Inteligent ID Codes 

4 

3 

Write 

IA 

9090H 

Read 



Set-up Erase/Erase 

5 

2 

Write 

ZA 

2020H 

Write 

ZA 

2020H 

Erase Verify 

5 

2 

Write 

EA 

A0A0H 

Read 

EA 

EVD 

Set-up Write/Write 

6 

2 

Write 

WA 

4040H 

Write 

WA 

WD 

Write Verify 

6 

2 

Write 

WA 

C0C0H 

Read 

WA 

WVD 

Reset 

7 

2 

Write 

X 

FFFFH 

Write 

X 

FFFFH 


Notes: 

1 . Bus operations are defined in Table 2. 

2. IA = Identifier address: 00H for manufacturer code, 01 H for device code. 

EA = Address of memory location to be read during erase verify. 

WA = Address of memory location to be written. 

ZA = Address of 128 K-Byte zones involved in erase operation. 

Addresses are latched on the falling edge of the Write Enable pulsed 

3. ID = Data read from location IA during device identification. (Mfr = 89H, Device = B4H). 

EVD = Data read from location EA during erase verify. 

WD = Data to be written at location WA. Data is latched on the rising edge of Write Enable. 

WVD = Data read from location WA during write verify. WA is latched on the Write command. 

4. Following the Read Inteligent ID command, two read operations access manufacturer and device codes. 

5. Figure 5 illustrates the Erase Algorithm. 

6. Figure 6 illustrates the Write Algorithm. 

7. The second bus cycle must be followed by the desired command register write. 
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Read Command 

While V PP1/2 is high, for erasure and writing, zone 
memory contents can be accessed via the read 
command. The read operation is initiated by writing 
00H (0000H for the word-wide configuration) into 
the zone Command Register(s). Microprocessor 
read cycles retrieve zone data. The accessed zone 
remains enabled for reads until the Command Reg- 
ister(s) contents are altered. 

The default contents of each zone’s register(s) upon 
Vppi /2 power-up is 00H (00000H for word-wide). This 
default value ensures that no spurious alteration of 
memory card contents occurs during the V PP1/2 
power transition. Where the V PP1/2 supply is left at 
VppH, the memory card powers-up and remains 
enabled for reads until the command Register con- 
tents of targeted zones are changed. Refer to the 
AC Read Characteristics and Waveforms for spe- 
cific timing parameters. 

int e ligent Identifier Command 

Each zone of the iMCOOIFLKA contains an indi- 
gent Identifier to identify memory card device 
characteristics. The operation is initiated by writing 
90H (9090H for word-wide) into the Command Reg- 
isters). Following the command write, a read cycle 
from address 00000H retrieves the manufacturer 
code 89H (8989H for word-wide). A read cycle from 
address 0002H returns the device code B4H 
(B4B4H for word-wide). To terminate the operation, 
it is necessary to write another valid command into 
the register(s). 

Set-up Erase/Erase Commands 

Set-up Erase is a command-only operation that 
stages the targeted zone(s) for electrical erasure of 
all bytes in the zone. The set-up erase operation is 
performed by writing 20H to the Command Register 
(2020H for word-wide). 


To commence zone-erasure, the erase command 
(20H or 2020H) must again be written to the regis- 
ters). The erase operation begins with the rising 
edge of the Write-Enable pulse and terminates with 
the rising edge of the next Write-Enable pulse (i.e., 
Erase-Verify Command). 

This two-step sequence of set-up followed by exe- 
cution ensures that zone memory contents are not 
accidentally erased. Also, zone-erasure can only 
occur when high voltage is applied to the V PP1/2 pins. 
In the absence of this high voltage, zone memory 
contents are protected against erasure. Refer to AC 
Erase Characteristics and Waveforms for specific 
timing parameters. 

Erase-Verify Command 

The erase command erases all of the bytes of the 
zone in parallel. After each erase operation, all 
bytes in the zone must be individually verified. In 
byte-mode operations, zones are segregated by A 0 
in odd and even banks; erase and erase verify 
operations must be done in complete passes of 
even-bytes-only then odd-bytes-only. See the Erase 
Algorithm for byte-wide mode. The erase verify 
operation is initiated by writing AOH (AOAOH for 
word-wide) into the Command Register(s). The ad- 
dress for the byte(s) to be verified must be supplied 
as it is latched on the falling edge of the Write Enable 
pulse. The register write terminates the erase op- 
eration with the rising edge of its Write Enable pulse. 

The enabled zone applies an internally-generated 
margin voltage to the addressed byte. Reading FFH 
from the addressed byte indicates that all bits in the 
byte are erased. Similarly, reading FFFFH from the 
addressed word indicates that all bits in the word 
are erased. 

The erase-verify command must be written to the 
Command Register prior to each byte (word) veri- 
fication to latch its address. The process continues 
for each byte (word) in the zone(s) until a byte (word) 
does not return FFH (FFFFH) data, or the last 
address is accessed. 
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In the case where the data read is not FFH (FFFFH), 
another erase operation is performed. (Refer to Set- 
up Erase/Erase.) Verification then resumes from 
the address of the last-verified byte (word). Once all 
bytes (words) in the zone(s) have been verified, the 
erase step is complete. The accessed zone can now 
be written. At this point, the verify operation is ter- 
minated by writing a valid command (e.g., Write Set- 
up) to the Command Register. The Erase algorithms 
for byte-wide and word-wide configurations illus- 
trate how commands and bus operations are 
combined to perform electrical erasure of the 
iMCOOIFLKA. Refer to AC Erase Characteristics 
and Waveforms for specific timing parameters. 

Set-up Write/Write Commands 

Set-up write is a command-only operation that 
stages the targeted zone for byte writing. Writing 
40H (4040H) into the Command Register(s) per- 
forms the set-up operation. 

Once the write set-up operation is performed, the 
next Write Enable pulse causes a transition to an 
active write operation. Addresses are internally 
latched on the falling edge of the Write Enable 
pulse. Data is internally latched on the rising edge 
of the Write Enable pulse. The rising edge of Write 
Enable also begins the write operation. The write 
operation terminates with the next rising edge of 
Write Enable, which is used to write the verify com- 
mand. Refer to AC Write Characteristics and Wave- 
forms for specific timing parameters. 

Write Verify Command 

The iMCOOIFLKA is written on a byte-by-byte or 
word-by-word basis. Byte or word writing may occur 
sequentially or at random. Following each write 
operation, the byte or word just written must be 
verified. 

The write-verify operation is initiated by writing COH 
(COCO) into the Command Register(s). The register 
write(s) terminate(s) the write operation with the ris- 
ing edge of its Write Enable pulse. The write-verify 
operation stages the accessed zone(s) for verifi- 
cation of the byte or word last written. No new ad- 
dress information is latched. The zone(s) apply(ies) 
an internally-generated margin voltage to the byte 


or word. A microprocessor read cycle outputs the 
data. A successful comparison between the written 
byte or word and true data means that the byte or 
word is successfully written. The write operation 
then proceeds to the next desired byte or word lo- 
cation. The Write algorithms for byte-wide and 
word-wide configurations illustrate how commands 
are combined with bus operations to perform byte 
and word writes. Refer to AC Write Characteristics 
and Waveforms for specific timing parameters. 

Reset Command 

A reset command is provided as a means to safely 
abort the erase- or write-command sequences. Fol- 
lowing either set-up command (erase or write) with 
two consecutive writes of FFH (FFFFH for word- 
wide) will safely abort the operation. Zone memory 
contents will not be altered. A valid command must 
then be written to place the accessed zone in the 
desired state. 

EXTENDED ERASE/WRITE CYCLING 

Intel has designed extended cycling capability into 
its ETOX II flash memory technology enabling a 
flash memory card with a MTBF that is approxi- 
mately 20 times more reliable than rotating disk 
technology. Resulting improvements in cycling reli- 
ability come without increasing memory cell size or 
complexity. First, an advanced tunnel oxide in- 
creases the charge carrying ability ten-fold. Sec- 
ond, the oxide area per cell subjected to the 
tunneling electric field minimizes the probability of 
oxide defects in the region. The lower electric field 
greatly reduces oxide stress and the probability of 
failure. 

WRITE ALGORITHMS 

The write algorithm(s) use write operations of 1 0|jls 
duration. Each operation is followed by a byte or 
word verification to determine when the addressed 
byte or word has been successfully written. The al- 
gorithm^) allows for up to 25 write operations per 
byte or word, although most bytes and words verify 
on the first or second operation. The entire se- 
quence of writing and byte/word verification is per- 
formed with V PP at high voltage. 
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ERASE ALGORITHM 

The Erase algorithm(s) yield(s) fast and reliable 
electrical erasure of memory contents. The algo- 
rithm employs a closed-loop flow, similar to the write 
algorithm, to simultaneously remove charge from all 
bits in the accessed zone(s). 

Erasure begins with a read of memory zone con- 
tents. Reading FFH (FFFFH) data from the ac- 
cessed zone(s) can be immediately followed by 
writing to the desired zone(s). 

For zones being erased and rewritten, uniform and 
reliable erasure is ensured by first writing all bits in 
the accessed zone to their charged state (data = 
00H byte-wide, 00000H word-wide). This is accom- 
plished, using the write algorithm, in approximately 
two seconds per zone. 


Erase execution then continues with an initial erase 
operation. Erase verification (data = FFH byte- 
wide, FFFFH word-wide) begins at address 00000H 
and continues through the zone to the last address, 
or until data other than FFH (FFFFH) is encoun- 
tered. (Note: byte-wide erase operation requires 
separate even- and odd-address passes to handle 
the individual 128 K-Byte zones.) With each erase 
operation, an increasing number of bytes or words 
verify to the erased state. Erase efficiency may be 
improved by storing the address of the last byte or 
word verified in a register(s). Following the next 
erase operation, verification starts at that stored ad- 
dress location. Follow this procedure until all bytes 
in the zone are erased. Then, re-start the procedure 
for the next zone or word-wide zone pair. Erasure 
typically occurs in one second per zone. 



Figure 3. Full Card Erase Flow 
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BUS 

OPERATION 

COMMAND 

COMMENTS 

Standby 


Wait for V PP ramp 
to V pp H (= 12.0V) [2] 



Initialize pulse-count 

Write 

Set-up 

Write 

Data = 40H 

Write 

Write 

Valid address/data 

Standby 

[3] 

Write 

Verify 

Duration Of Write 
operation (t W HWHi) 

Write 

Data = COH; Stops [4] 
Write Operation 

Standby 


twHGL 

Read 


Read byte to verify 

Write Operation 

Standby 


Compare data output 
to data expected 

Write 

Read 

Data = 00H, resets the 
register for read 
operations. 

Standby 


Wait for Vpp ramp 
to V PPL [2] 


1. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of 

the device. 

2. See DC Characteristics for the value of Vpph and V PPL . 


3. Write Verify is only performed after 

a byte write operation. A final read/compare 
may be performed (optional) after the 
register is written with the Read command. 

4. Refer to principles of operation. 
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^ START 
^ERASURE [1] 


BUS 

OPERATION COMMANDS 


COMMENTS 


Standby 


Wait for V PP ramp 
to V PPH (= 12.0V) [2] 


WRITE ALL 
BYTES TO 00H 


Use Write Operation 
Algorithm 


ADDR = 00001 H 
- PLSCNT = 0 - 

ODDr 1 


APPLY 
V PPM [2] 

, i , 

ADDR = OOOOOH 
TEW = 10 ms 
PLSCNT = 0 
ODD = 0 

WRITE ERASE 
SET-UP CMD 


Initialize even/odd 
Addresses, 

Erase Pulse Width, 
and Pulse Count 


WRITE 
ERASE CMD 


I TIME OUTTEW1 



WRITE ERASE 
VERIFY CMD 

[TIME OUT 6uSl 

READ DATA 
FROM DEVICE 


Standby 


Standby 


Duration of Erase 
operation (t W HWH2> 


Erase Addr = Byte to verify; 

Verify [3] Data = A0H; Stops 
Erase Operation [4] 

twHGL 

Read byte to verify 
erasure 


XlNC\ 
PLSCNT, 
v= 3000V 


Standby 


Compare output to FFH 
increment pulse count 


INCREMENT |N 
ADDRESS +2 ^ 


^LAST\ 

ADDRESS/ 


READ CMD 

. ± 

APPLY 
V PPL [2] 


APPLY 
V PPL [2] 


Write Read 


Standby 


Data = 00H, resets the 
register for read 
operations. 

Wait for V PP ramp 
to V PPL |2] 


^ ERASURE ^ 
. COMPLETED^ 


ERASE 

ERROR 


1. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of 

the device. 

2. See DC Characteristics for the value of V PPH and V PPL . 


3. Erase Verify is only performed after 
chip erasure. A final read/compare 
may be performed (optional) after the 
register is written with the Read command. 

4. Refer to principles of operation. 
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Start Write Operation 

~ ± _ 

Apply Vrph 


COMMENTS 

Wait for V PP ramp to V PPH 


UetAUKb/W UAI 


Initialize: 


V DAT = W DAT 

PLSCNT HI = 0 

W COM = 4040 H 

PLSCNT LO = 0 

V COM = COCOH 

FLAG = 0 


Write xx/W_COM 

' * 

Write ADRS/W_DAT 

z 

Time Out IOuS 

Write ADRS/V_COM 

£= ==== 

Time Out 6uS 

. II 

ReadADRS/F DAT 


F_DAT = V_DAT 


High/Low Byte 
Compare & Mask 
Subroutine 


Flag = 0? 


More Data 

? 


auks = address 10 write 
W_DAT = data word to write 

Initialize Data Word Variables: 
V_DAT = valid data 
W_COM - Write Command 
VCOM = Write Verify Command 
PLSCNT_HI = HI Byte Pulse 
Counter 

PLSCNT_LO = LO Byte Pulse 
Counter 

FLAG = Write Error Flag 


Write Set-up Command 
xx = Address don’t care 


See Write Verify and Mask 
Subroutine. 

Write Verify Command 


F_DAT = flash memory data 


Compare flash memory data 
to valid data (word compare). 

If not equal, check for Write 
Error flag. If Flag not set, 
compare High and Low Bytes 
in the Subroutine. 

Check buffer of I/O port for more 
data to write. 


Write READ_.COM 

- 

Apply Vp PL 

JL 

Write Complete 


Write READ^COM 

±— 

Apply Vppl 



Write Error 


Reset device for read operation. 
Turn off V PP . 
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3tMKF@^(Ml^T0©K] 


START SUBROUTINE 


COMMENTS: 


LO-BYTE = (F_DAT AND OOFFH) 


To look at the LO Byte, Mask* the 
HI Byte with 00. 


^ LO-BYTE = \ 
V DAT AND OOFFH^ 


W COM = (W COM OR OOFFH) f ^0 Byte verifies, mask the 

V COM = (V COM OR OOFFH) LO B Y te commands with the 

reset command (FFH) 


INCREMENT PLSCNT LO 


PLSCNT LO = 25?^ 


FLAG = 1 


If the LO Byte does not verify, 
then increment its pulse counter 
and check for max count. 

FLAG = 1 denotes a LO Byte error. 


HI_BYTE = (F_DAT AND FF00H) 


Repeat the sequence for 
the HI Byte. 


/^HI-BYTE = \ Y 

^(V DAT AND FF00H)^>— ► w _COM = (W_COM OR FF00H) 
™ u V_COM = (V COM OF FF00H) 


INCREMENT PLSCNT HI 


PLSCNT HI = 25^ 


FLAG = FLAG + 2 


FLAG = 2 denotes a HI Byte error. 
FLAG = 3 denotes both a HI and 
LO Byte errors. Flag = 0 denotes 
no max count errors; continue 
with algorithm. 


SUBROUTINE RETURN 


^Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming data (F_DAT), 
the program commands and the verify commands. Then manipulate the HI or LO register contents. 


Figure 7. Write Verify and Mask Subroutine for word-wide mode 
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® 



COMMENTS: 


Wait for V PP to stabilize. 


Use Write operation algorithm 
in x8 or x16 configuration 

Initialize Variables: 

PLSCNT_HI = HI Byte Pulse Counter 

PLSCNT LO = LO Byte Pulse Counter 

FLAG = Erasure error flag 

ADRS = Address 

ECOM = Erase Command 

V_COM = Verify Command 


Erase Set-up Command 


Start Erasing 


Duration of Erase Operation. 


Erase Verify Command stops 
erasure. 

See Block Erase Verify & 
Mask Subroutine 


When both devices at ADRS are 
erased, F_DATA = FFFFH. 

If not equal, increment the 
pulse counter and check for 
last pulse. 

Reset commands default to 
(ECOM = 2020H) 

(V_COM = AOAOH) 
before verifying next ADRS. 


Reset device for read operation. 


Turn off V PP . 


NOTES: 

XI 6 Addressing uses A^A g only. A Q =0 throughout word-wide operation. 


Figure 8. Erase Algorithm for word-wide mode 
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FOFll^T 


Start Subroutine 


COMMENTS: 


Time Out 6 uS 


ReadADRS/F DATA 


This subroutine reads the data word 
(FDATA). It then masks the HI or 
LO Byte of the Erase and Verify 
commands from executing during the 
next operation. 


F DATA = FFFFH? 


If both HI and LO Bytes verify, then 
return. 


LO_Byte = (F_DATA and OOFFH) 


Mask* the HI Byte with 00H. 


i n Ruto ► E COM = (E_COM or OOFFH) 

LO_Byte = V_COM = (V_COM or OOFFH) 


If the LO Byte verifies erasure, then 
mask* the next erase and verify 
commands with FFH (RESET). 


INCREMENT PLSCNT LO 


JPLSCNT LO = 3000?> — M FLAG = FLAG + 1 


If the LO Byte does not verify, then 
increment its pulse counter and 
check for max count. FLAG = 1 
denotes a LO Byte error. 


HI_Byte = (F_DATA AND FFOOH) 


Repeat the sequence for the HI Byte. 


HI_Byte = FFOOH? 


INCREMENT PLSCNT HI 


E_COM = (E_COM or FFOOH) 
V_COM = (V_COM or FFOOH) 


Flag = 2 denotes a HI Byte error. Flag 
= 3 denotes both a HI and LO Byte 
errors. FLAG = 0 denotes no max 
count errors; continue with algorithm. 


PLSCNT HI = 3000? . 


FLAG = FLAG + 2 


Subroutine Return J 

^Masking can easily and efficiently be done in assembly languages. Simply load word registers with tjie incoming data (F_DAT), 
the program commands and the verify commands. Then manipulate the HI or LO register contents. 


Figure 9. Erase Verify and Mask Subroutine for word-wide mode. 
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SYSTEM DESIGN CONSIDERATIONS 

Three-Line Control 

Three-line control provides for: 

a. the lowest possible power dissipation and, 

b. complete assurance that output bus contention 
will not occur. 

To efficiently use these three control inputs, an 
address-decoder output should drive CE 1 g , while 
the system’s Read signal controls the card OE sig- 
nal, and other parallel zones. This, coupled with the 
internal zone decoder, assures that only enabled 
memory zones have active outputs, while dese- 
lected zones maintain the low power standby 
condition. 

Power-Supply Decoupling 

Flash memory power-switching characteristics re- 
quire careful device decoupling. System designers 
are interested in three supply current issues — 
standby, active and transient current_peaks, pro- 
duced by falling and rising edges of CE 1/2 . The ca- 
pacitive and inductive loads on the card and internal 
flash memory zones determine the magnitudes of 
these peaks. 

Three-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. The 
iMCOOl FLKA features on-card ceramic decoupling 
capacitors connected between V cc and V ss , and 
between V ppi /Vpp 2 and V ss . 

The card connector should also have a 4.7|jlF elec- 
trolytic capacitor between V cc and V ss , as well as 
between V PP1 /V PP2 and V ss . The bulk capacitors will 
overcome voltage slumps caused by printed-circuit- 
board trace inductance, and will supply charge to 
the smaller capacitors as needed. 


Power Up/Down Protection 

The PCMCIA/JEIDA socket is specified, via unique 
Pin lengths, to properly sequence the power sup- 
plies to the flash memory card. This assures that 
hot insertion and removal will not result in card dam- 
age or data loss. 

Each zone in the iMCOOl FLKA is designed to offer 
protection against accidental erasure or writing, 
caused by spurious system-level signals that may 
exist during power transitions. The card will power- 
up into the read state. 

A system designer must guard against active writes 
for V cc voltages above V LKO when V PP is active. 
Since both WE and CE 1 2 must be low for a com- 
mand write, driving either to V, H will inhibit writes. 
With its control register architecture, alteration of 
zone contents only occurs after successful comple- 
tion of the two-step command sequences. 

While these precautions are sufficient for most ap- 
plications, it is recommended that V cc reach its 
steady state value before raising V PP1/2 above 
V CC + 2.0V. In addition, upon powering-down, 
V PP1/2 should be below V CC + 2.0V, before lowering 
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ABSOLUTE MAXIMUM RATINGS* 

Operating Temperature 

During Read 0°C to + GCTC* 1 ) 

During Erase/Write 0°C to + 60°C 

Temperature Under Bias -10°C to + 70°C 

Storage Temperature -30°C to + 70°C 

Voltage on Any Pin with 

Respect to Ground -2.0V to + 7.0V< 2 > 

V ppi /Vpp 2 Supply Voltage with 
Respect to Ground 

During Erase/Write -2.0V to + 14.0V< 2 - 3 > 

V cc Supply Voltage with 

Respect to Ground -2.0V to + 7.0V< 2 > 


* Notice: Stresses above those listed under ‘’Abso- 
lute Maximum Ratings” may cause permanent dam- 
age to the card. This is a stress rating only and 
functional operation of the card at these or any other 
conditions above those indicated in the operational 
sections of this specification is not implied. Exposure 
to absolute maximum rating conditions for extended 
periods may affect card reliability. 

NOTICE: Specifications contained within the follow- 
ing tables are subject to change. 


Notes: 

1 . Operating temperature is for commercial product defined by this specification. 

2. Minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods less than 20 ns. 
Maximum DC voltage on output pins is V cc + 0.5V, which may overshoot to V cc + 2.0 V for periods less than 20 ns. 

3. Maximum DC input voltage on V ppi /Vpp 2 may overshoot to + 14.0V for periods less than 20 ns. 


OPERATING CONDITIONS 



Parameter 

Limits 

Unit 

Comments 

Min 

Max 

t a 

Operating Temperature 

0 

60 

B 

For Read-Only and 
Read/Write Operations 


V cc Supply Voltage 



D 



Active Vpp-j, Vpp 2 

Supply Voltages 



B 



V PP During Read Only 
Operations 

0.00 

6.50 
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DC CHARACTERISTICS — Byte Wide Mode 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Condition 

Min 

Typical 

Max 

Ili 

Input Leakage Current 

1 


±1.0 

±20 

uA 

Vcc = Vqc max 

Vin = V C c ° r V ss 

Ilo 

Output Leakage Current 

1 


±1.0 

±20 

uA 

v cc = V cc max 

Vout = V cc or V ss 

ices 

V cc Standby Current 

1 


0.4 

0.8 

mA 

v'cc = v'cc max 

CE = V,„ 

icci 

V cc Active Read Current 

1,2 


25 

50 

mA 

Vcc = V C c rnax CE = V (L 
f = 6MHz, l OUT = 0mA 

icC2 

V cc Write Current 

1,2 


1.0 

10.0 

mA 

Writing in progress 

icC3 

V cc Erase Current 

1,2 


5.0 

15 

mA 

Erasure in progress 

^004 

V cc Write Verify Current 

1,2 


5.0 

15 

mA 

V PP = V PPH 

Write Verify in progress 

^005 

V cc Erase Verify Current 

1,2 


5.0 

15 

mA 

V PP = V PPH 

Erase Verify in progress 

ipps 

V PP Leakage Current 

1 



±40 

uA 

V PP =s V cc 

ippi 

V PP Read Current 
or Standby Current 

1,3 


0.4 

0.8 

mA 

Vpp > V C c 


±.04 

V PP =5 V C c 

lpP2 

V PP Write Current 

1,3 


8.0 

30 

mA 

Vpp = V PPH 

Write in progress 

ipP3 

■ 

V PP Erase Current 

1,3 


10 

30 

mA 

Vpp = V PPH 

Erasure in progress 

lpP4 

V PP Write Verify Current 

1,3 


2.0 

5.0 

mA 

Vpp = V PPH 

Write Verify in progress 

ipP5 

V PP Erase Verify Current 

1,3 


2.0 

5.0 

mA 

Vpp = V PPH 

Erase Verify in progress 

v, L 

Input Low Voltage 


-0.5 


0.8 

V 


V,H 

Input High Voltage 


2.4 


V cc + 0.3 

V 


V 0 L 

Output Low Voltage 




0.40 

V 

l OL = 3.2mA 

V cc = V cc min 

VoHI 

Output High Voltage 


3.8 



V 

l OH = -2.0mA 

V cc = V C c rnin 

v PPL 

V PP During Read-Only 
Operations 


0.00 


6.5 

V 

Note: Erase/Write are 
inhibited when V PP = V PPL 

Vpph 

V PP During Read/Write 
Operations 


11.40 


12.60 

V 


^lko 

V cc Erase/Write lock 
voltage 


2.5 



V 



Notes: 

1. Ail currents are in RMS unless otherwise noted. Typical values at V cc = 5.0V, V PP = 12.0V, T = 25° C. 

2. 1 chip active and 7 in standby for byte-wide mode. 

3. Assumes 1 V PP is active. 
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DC CHARACTERISTICS — Word Wide Mode 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Condition 

Min 

Typical 

Max 

lu 

Input Leakage Current 

1 


±1.0 

±20 

uA 

Vcc = v cc max 

Vin = V cc or V ss 

^LO 

Output Leakage Current 

1 


±1.0 

±20 

uA 

V cc = V cc max 

Vout = V cc or V ss 

Ices 

V cc Standby Current 

1 


0.4 

0.8 

mA 

V cc = V cc max 

CE '= V| H 

Icci 

V cc Active Read Current 

1,2 


40 

80 

mA 

Vcc == Vcc hn&x CE = V | L 
f = 6MHz, l OU T = 0mA 

lcC2 

V C c Write Current 

1,2 


2.0 

20 

mA 

Writing in progress 

lcC3 

V cc Erase Current 

1,2 


10. 

30 

mA 

Erasure in progress 

lcC4 

V cc Write Verify Current 

1,2 


10 

30 

mA 

Vpp — V PPH 

Write Verify in progress 

lcC5 

V cc Erase Verify Current 

1,2 


10 

30 

mA 

Vpp — V PPH 

Erase Verify in progress 

Ipps 

V PP Leakage Current 

1 



±80 

uA 

Vpp^ V C c 

IpPI 

V PP Read Current 
or Standby Current 

1,3 


0.7 

1.6 

mA 

Vpp > v cc 


±.08 

Vpp « V cc . 

lpP2 

V PP Write Current 

1,3 


16 

60 

mA 

Vpp = Vpp H 

Write in progress 

lpP3 

V PP Erase Current 

1,3 


20 

60 

mA 

Vpp — V PPH 

Erasure in progress 

lpP4 

V PP Write Verify Current 

1,3 


5.0 

12 

mA 

Vpp = V PPH 

Write Verify in progress 

lpP5 

V PP Erase Verify Current 

1,3 


5.0 

12 

mA 

Vpp — V PPH 

Erase Verify in progress 

v, L 

Input Low Voltage 


-0.5 


0.8 

V 


V|H 

Input High Voltage 


2.4 


Vcc “1" 0.3 

V 


V 0 L 

Output Low Voltage 




0.40 

V 

l OL = 3.2mA 

Vcc = Vq C min 

V 0 H1 

Output High Voltage 


3.8 



V 

l OH = -2.0mA 

V cc = V cc min 

VppL 

V PP During Read-Only 
Operations 


0.00 


6.5 

V 

Note: Erase/Write are 
inhibited when V PP = V PPL 

Vpph 

V PP During Read/Write 
Operations 


11.40 


12.60 

V 


V|_KO 

V cc Erase/Write lock 
voltage 


2.5 



V 



Notes: 

1. All currents are in RMS unless otherwise noted. Typical values at V cc = 5.0V, V PP = 12.0V, T = 25° C. 

2. 2 chips active and 6 in standby for word-wide mode. 

3. Assumes 2 V PP s are active. 
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CAPACITANCE T = 25° C, f = 1 .0 MHz 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Conditions 

Min 

Max 

C|N1 

Address Capacitance 



8 

'PF 

> 

o 

ll 

z 

> 

C|N2 

Control Capacitance 



16 

P F 

V IN - ov 

C<DUT 

Output Capacitance 



21 

PF 

Vqut = 0V 

C|/o 

I/O Capacitance 



16 

PF 

< 

6 

II 

o 

< 


AC TEST CONDITIONS 

Input Rise and Fall Times (10% to 90%) 10 ns 

Input Pulse Levels Vol and Vohl 

Input Timing Reference Level Vil and Vih 

Output Timing Reference Level Vil and Vih 


AC CHARACTERISTICS — Read-Only Operations 


Symbol 

Characteristic 

Notes 

Min 

Max 

Unit 

f AVAV^RC 

Read Cycle Time 

2 

250 


ns 

fELQv/tcE 

Chip Enable Access Time 

2 


250 

ns 

f AVQV^ACC 

Address Access Time 

2 


250 

ns 

fGLQvToE 

Output Enable 

Access Time 

2 


120 

ns 

fELOX^LZ 

Chip Enable to Output 
in Low Z 

2 

5 


ns 

^EHQZ 

Chip Disable to Output 
in High Z 

2 


60 

ns 

^GLQX^OLZ 

Output Enable to Output 
in Low Z 

2 

5 


ns 

fGHOZ^DF 

Output Disable to Output 
in High Z 

2 


60 

ns 

foH 

Output Hold from Address, 

CE, or OE Change 

1,2 

5 


ns 

fwHGL 

Write Recovery Time 

Before Read 

2 

6 


us 


Notes: 

1. Whichever occurs first. 

2. Rise/Fall time ^ 10ns. 


6-165 





Figure 10. AC Waveforms for Read Operations 






iMCOOIFLKA 


0MF©^®fl^nTG@P!3 


■ I i(F 

inxei 


AC CHARACTERISTICS — For Write/Erase Operations 


Symbol 

Characteristic 

Notes 

Min 

Max 

Unit 

Wav^wc 

Write Cycle Time 

1,2 

250 


ns 

^AVWL^AS 

Address Set-up Time 

1,2 

0 


ns 

^wlax^ah 

Address Hold Time 

1,2 

100 


ns 

^DVWH^DS 

Data Set-up Time 

1,2 

80 


ns 

twHDx/toH 

Data Hold Time 

1,2 

30 


ns 

twHGL 

Write Recovery Time Before Read 

1,2 

6 


us 

^GHWL 

Read Recovery Time Before Write 

1,2 

0 


us 

twLOZ 

Output High-Z from Write Enable 

1,2 

5 


ns 

twHOX 

Output Low-Z from Write Enable 

1,2 


60 

ns 

^ELWL^CS 

Chip Enable Set-up Time Before Write 

1,2 

40 


ns 

^WHEH^CH 

Chip Enable Hold Time 

1,2 

0 


ns 

^WLWH^WP 

Write Pulse Width 

1,2 

100 


ns 

Uhwl^wph 

Write Pulse Width High 

1,2 

20 


ns 

twHWHI 

Duration of Write Operation 

1,2,3 

10 


us 

twHWH2 

Duration of Erase Operation 

1,2,3 

9.5 


ms 

WpEL 

V PP Set-up Time to Chip Enable Low 

1,2 

100 


ns 


Notes: 

1 . Read timing parameters during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read-Only Operations. 

2. Rise/Fall time 10ns. 

3. The integrated stop timer terminates the write/erase operations, thereby eliminating the need for a maximum 
specification. 

ERASE/WRITE PERFORMANCE 


Parameter 

Notes 

Min 

Typ 

Max 

Unit 

Zone Erase Time 

1,3,4 


1.0 

10 

sec 

Zone Write Time 

1,2,4 


2.0 

12.5 

sec 

MTBF 

5 


10 6 


Hrs 


Notes: 

1. 25° C, 12.0V V PP . 

2. Minimum byte writing time excluding system overhead is 16 usee (10 usee program + 6 usee write recovery), while 
maximum is 400 usec/byte (16 usee x 25 loops allowed by algorithm). Max chip write time is specified lower than the 
worst case allowed by the write algorithm since most bytes write significantly faster than the worst case byte. 

3. Excludes 00H writing Prior to Erasure. 

4. One zone equals 128K Bytes. 

5. MTBF = Mean Time Between Failure, 50% failure point for disk drives. 
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Figure 11. AC Waveforms for Write Operations 
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Figure 12. AC Waveforms for Erase Operations 
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ALTERNATIVE CE-CONTROLLED WRITES 


Symbol 

Characteristic 

Notes 


Max 


UvAV 

Write Cycle Time 


250 


ns 

UvEL 

Address Set-up Time 


0 


ns 

^ELAX 

Address Hold Time 


100 


ns 

toVEH 

Data Set-up Time 


80 


ns 

^EHDX 

Data Hold Time 


30 


ns 

^EHGL 

Write Recovery Time 

Before Read 


6 


us 

^GHEL 

Read Recovery Time 

Before Write 


0 


us 

twLEL 

Write Enable Set-Up Time 
before Chip-Enable 


0 


ns 

^EHWH 

Write Enable Hold Time 


0 


ns 

^ELEH 

Write Pulse Width 

1 

100 


ns 

^EHEL 

Write Pulse Width High 


20 


ns 

tpEL 

V PP Set-Up Time 
to Chip-Enable Low 


100 


ns 


Notes: 

1 . Chip Enable Controlled Writes: Write operations are driven by the valid combination of Chip Enable and Write Enable. 
In systems where Chip Enable defines the write pulse width (with a longer Write Enable timing waveform) all set-up, 
hold and inactive Write Enable times should be measured relative to the Chip Enable waveform. 
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Figure 13. Alternate AC Waveforms for Write Operations 
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ORDERING INFORMATION 


0 

M 

C 

0 

0 

0 

0 

0 

K 

A 

- 

0 

5 

0 

□ 

S 

B 

X 

X 

X 

0 

0 


I CUSTOMER IDENTIFIER 

ACCESS SPEED (ns) 

A = REVISION 

K = WORD-WIDE 

ARCHITECTURE 

FL = FLASH 

001 = 1 MEGABYTE 

DENSITY IN MEGABYTES 

MC = MEMORY CARD 

I = INTEL 


ADDITIONAL INFORMATION 

ER-20, “ETOX II Flash Memory Technology” 

RR-60, “ETOX II Flash Memory Reliability Data Summary” 

AP-343, “Solutions for High Density Applications using Flash Memory” 


Order Number 

294005 

293002 

292079 






Afr^W^fl^r 

Cr-0 \76r-OU\J 
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SMC004FLKA 

4-MEGABYTE FLASH MEMORY CARD 


« SrihCrCnt ^lcnv / '* ,1 ^'!'^ u Dntantion 

Power) 

- No Batteries Required for Back-up 

Eg Over 1,000,000 Hours MTBF 

- More Reliable than Disk 

m High-Performance Read 

- 250 ns Maximum Access Time 

o CMOS Low Power Consumption 

- 40 mA Typical Active Current (X8) 

- 800 julA Typical Standby Current 

m Flash Electrical Zone-Erase 

- 2 Seconds Typical per 256 K-Byte 
Zone 

- Multiple Zone-Erase 

□ Random Writes to Erased Zones 

- 10 fxs Typical Byte Write 


bd Write Protect Switch to Prpvpmt 
Accidental Data Loss 

m Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

m ETOX™ II Flash Memory Technology 

- 5V Read, 12V Erase/Write 

- High-Volume Manufacturing 
Experience 

si PCMCIA/JEIDA 68-Pin Standard 

- Byte- or Word-wide Selectable 

eh Independent Software & Hardware 
Vendor Support 

- Integrated System Solution Using 
Flash Filing Systems 


Intel’s Flash Memory Card is the integrated memory solution for portable PCs. The iMC004FLKA enables 
OEM system manufacturers to design portable PCs that no longer require rotating electro-mechanical media 
to store application code and data files. This allows the design and manufacture of PCs that are higher 
performance, more rugged, consume less battery power, and weigh much less than traditional disk-based 
portable PCs. The flash memory card supports the emerging “Mobile Office” by allowing the user to transport 
both application code and data files between desktop PCs and portables. 



The iMC004FLKA conforms to the PCMCIA/JEIDA international standard, providing standardization at the 
hardware and data interchange level. OEMs may opt to write the Card Information Structure (CIS) at the 
memory card’s address 00000H with a format utility. This information provides data interchange functional 
capability. The 250 nanosecond access time allows for “execute-in-place” capability, for popular low-power 
microprocessors. Intel’s 4-Megabyte Flash Memory Card operates in a byte-wide and word-wide configu- 
ration providing performance/power options for different systems. 

Intel’s Flash Memory card employs Intel’s ETOX II Flash Memories. Filing systems, such as Microsoft’s* 
Flash File System (FFS), facilitate sequential data file storage and card erasure using a purely nonvolatile 
medium. Flash filing systems, coupled with the Intel Flash Memory Card, effectively create an all-silicon 
nonvolatile read/write random access memory system that is more reliable and higher performance than 
disk-based memory systems. 


*Microsoft is a trademark of Microsoft Corp. 

Intel Corporation assumes no responsibility for the use of any circuitry other than circuitry embodied in an Intel product. No other circuit patent 
licenses are implied. Information contained herein supersedes previously published specifications on these devices from Intel. October 1 990 
© INTEL CORPORATION, 1990 Order Number: 290388-001 
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68 " BACKSIDE 35 


18 

v ppi 

19 

^16 

20 

A|5 

21 

Aij 

22 

A 7 

23 

A 6 

24 

A 5 

25 

a 4 

26 

A 3 

27 

A 2 

28 

A, 

29 

A„ 

30 

Do 

31 

D, 

32 

d 2 

33 

WP 

34 

GND 


1 

GND 

2 

D 3 

3 

d 4 

4 

d 5 

5 

d 6 

6 

d 7 

7 

CE, 

8 

A 10 

9 

61 

10 

An 

11 

A 9 

12 

As 

13 

A 13 

14 

A 14 

15 

WE 

16 

NC 

17 

Vcc 


52 

CM 

Q. 

Q. 

> 

53 

NC 

54 

NC 

55 

NC 

56 

NC 

57 

NC 

58 

NC 

59 

NC 

60 

NC 

61 

REG 1 

62 

BVD 2 2 

63 

BVD, 2 

64 

D 8 

65 

d 9 

66 

Dio 

67 

cd 2 

68 

GND 


35 

GND 

36 

CD, 

37 

Du 

38 

d, 2 

39 

D ,3 

40 

D,4 

41 

D ,5 

42 

ce 2 

43 

NC 

44 

NC 

45 

NC 

46 

A17 

47 

Ais 

48 

A19 

49 

A20 

50 

A 2 i 

51 

V cc 


NOTES: 

1. REG = register memory select = No Connect (NC), unused. When REG is brought low, PCMCIA/JEIDA standard 
card information structure data is expected. This is accomplished by formatting the card with this data. 

2. BVD = battery detect voltage = No Connect (NC), unused. 


Figure 1. iMC004FLKA Pin Configurations 
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Table 1. Pin Description 


Symbol 

Type 

Name and Function 

C\1 

< 

o 

< 

INPUT 

ADDRESS INPUTS for memory locations. Addresses are internally 
latched during a write cycle. 

D 0 -D,5 

INPUT/ 

OUTPUT 

DATA INPUT/OUTPUT: inputs data during memory write cycles; outputs 
data during memory read cycles. The data pins are active high and float to 
tri-state OFF when the card is deselected or the outputs are disabled. 

Data ic in torn ally latched during a write cycle 

CEi, CE 2 

INPUT 

CARD ENABLE: activates the card’s high and low byte control logic, input 
buffers, zone decoders, and associated memory devices. CE is active 
low; CE high deselects the memory card and reduces power consumption 
to standby levels. 

OE 

INPUT 

OUTPUT ENABLE: gates the cards output through the data buffers during 
a read cycle. OE is active low. 

WE 

INPUT 

WRITE ENABLE controls writes to the control register and the array. Write 
enable is active low. Addresses are latched on the falling edge and data is 
latched on the rising edge of the WE pulse. 

Note: With V PP 6.5V, memory contents cannot be altered. 

Vppi, V pp2 


ERASE/WRITE POWER SUPPLY for writing the command register, 
erasing the entire array, or writing bytes in the array. 

Vcc 


DEVICE POWER SUPPLY (5V ± 5%). 

GND 


GROUND 

18 

I8 ; 

OUTPUT 

CARD DETECT. The card is detected at CD 1>2 = ground. 

WP 

OUTPUT 

WRITE PROTECT. All write operations are disabled with WP = active high. 

NC 


NO INTERNAL CONNECTION to device. Pin may be driven or left 
floating. 


OUTPUT 

BATTERY VOLTAGE DETECT. NOT REQUIRED. 
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Figure 2. iMC004FLKA Block Diagram 
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APPLICATIONS 

The iMC004FLKA Flash Memory Card allows for the 
storage of data files and application programs on a 
purely solid-state removable medium. System resi- 
dent flash filing systems, such as Microsoft’s Flash 
File System, allow Intel’s ETOX II highly reliable 
Flash Memory Card to effectively function as a 
physical disk drive. The Intel Flash Memory Card in 
conjunction with flash filing systems provides an 
innovative alternative to both fixed hard disks 
and floppy disks in DOS-compatible portable PCs. 

User application software stored on the flash mem- 
ory card substantially reduces the slow disk-DRAM 
download process. Replacing the disk results in a 
dramatic enhancement of read performance and 
substantial reduction of active power consumption, 
size, and weight — considerations particularly im- 
portant in portable PCs and equipment. The 
iMC004FLKA’s high performance read access time 
and command register microprocessor write inter- 
face allows for use of the flash memory system in 
an “execute-in-place” architecture. This configura- 
tion eliminates the need for the redundancy asso- 
ciated with DRAM and Disk memory system 
architectures. ROM based operating systems, such 
as Microsoft’s MS-DOS ROM Version allow for 
“instant-on” capability. This enables the design of 
PCs that boot, operate, store data files, and execute 
application code from/to purely nonvolatile memory. 

Flash write performance is often 50% higher than 
hard disks for typical user file storage. This equates 
to ten times more performance when compared to 
“spun-down” disks, the common practice for port- 
able machines. 

Flash filing systems enable the storage and modi- 
fication of data files by allocating flash memory 
space intelligently, thus minimizing the number of 
rewrite cycles. This management function allows 
the user to rewrite reliably to the flash memory card 
many more times than a fixed or floppy disk which 
concentrate rewrite operations into small fixed por- 
tions of the medium. 


Flash filing systems implement Intel’s Flash Memory 
Card as a redirected disk drive; similar to structures 
used in local area networks. This enables the end 
user to interact with the flash memory card in pre- 
cisely the same way as a magnetic disk. Filing sys- 
tems that run under popular operating systems, 
such as MS-DOS, can use the installed base of 
application software. 

The Microsoft Flash File System enables the stor- 
age and modification of data files by utilizing a linked 
list directory structure that is evenly distributed 
along with the data across the memory card. The 
linked list approach minimizes file fragmentation 
losses by using variable-sized data structures 
rather than the standard sector/cluster method of 
disk-based systems. 

The integration of the PCMCIA/JEIDA 68-pin inter- 
face with flash filing systems enables the end-user 
to transport user files and application code between 
portable PCs and desktop PCs with memory card 
Reader/Writers. Intel Flash PC cards provide du- 
rable nonvolatile memory storage for Notebook PCs 
on the road, facilitating simple transfer back into the 
desktop environment. 

For systems currently using a static RAM/battery 
configuration for data acquisition, the iMC004FLKA’s 
inherent nonvolatility eliminates the need for battery 
backup. The concern for battery failure no longer 
exists, an important consideration for portable com- 
puters and medical instruments, both requiring con- 
tinuous operation. The iMC004FLKA consumes no 
power when the system is off. In addition, the 
iMC004FLKA offers a considerable cost and den- 
sity advantage over memory cards based on static 
RAM with battery backup. 

The flash memory card’s electrical zone-erasure, 
byte writability, and complete nonvolatility fit well 
with data accumulation and recording needs. Elec- 
trical zone-erasure gives the designer the flexibility 
to selectively rewrite zones of data while saving 
other zones for infrequently updated look-up tables. 
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PRINCIPLES OF OPERATION 

Intel’s Flash Memory Card combines the function- 
ality of two mainstream memory technologies: the 
rewritability of RAM and the nonvolatility of EPROM. 
The flash memory card consists of an array of in- 
dividual memory devices, each of which defines a 
physical zone. The iMC004FLKA’s memory devices 
erase as individual blocks, equivalent in size to the 
256 K-Byte zone. Multiple zones can be erased si- 
multaneously provided sufficient current for the ap- 
propriate number of zones (memory devices). Note, 
multiple zone erasure requires higher current from 
both the V PP and V cc power supplies. Erased zones 
can then be written in bit- or byte-at-a-time fashion 
and read randomly like RAM. Bit level write capa- 
bility also supports disk emulation. 

In the absence of high voltage on the V PP1/2 pins, 
the iMC004FLKA remains in the read-only mode. 
Manipulation of the external memory card-control 
pins yields the standard read, standby, and output 
disable operations. 

The same read, standby, and output disable oper- 
ations are available when high voltage is applied to 
the V PP1/2 pins. In addition, high voltage on V PP1/2 
enables erasure and rewriting of the accessed 
zone(s). All functions associated with altering zone 
contents — erase, erase verify, write, and write ver- 
ify — are accessed via the command register. 

Commands are written to the internal memory reg- 
isters), decoded by zone size, using standard mi- 
croprocessor write timings. Register contents for a 
given zone serve as input to that zone’s internal 
state-machine which controls the erase and rewrite 
circuitry. Write cycles also internally latch addresses 
and data needed for write and erase operations. 
With the appropriate command written to the reg- 
isters), standard microprocessor read timings out- 
put zone data, or output data for erase and write 
verification. 

Byte-wide or Word-wide Selection 

The flash memory card can be read, erased, and 
written in a byte-wide or word-wide mode. In the 
word-wide configuration V PP1 and/or CE 1 control the 
LO-Byte (with A 0 = O) while V PP2 and CE 2 control the 
Hl-Byte (A 0 = don’t care). 

Read, Write, and Verify operations are byte- or 
word-oriented, thus zone independent. Erase Set- 
up and Begin Erase Commands are zone depend- 
ent such that commands written to any address 
within a 256 K-Byte zone boundary initiate the erase 


operation in that zone (or two 256 K-Byte zones 
under word-wide operation). 

Conventional x8 operation uses C^ active-low, 
with CE 2 high, to read or write data through the D 0 - 
D 7 only. “Even bytes” are accessed when A 0 is low, 
corresponding to the low byte of the complete x16 
word. When A 0 is high, the “odd byte” is accessed 
by transposing the high byte of the complete x16 
word onto the D 0 -D 7 outputs. This odd byte corre- 
sponds to data presented on D 8 -D 15 pins in x16 
mode. 

Note that two zones logically adjacent in x16 mode 
are multiplexed through D 0 -D 7 in x8 mode and are 
toggled by the A 0 address. Thus, zone specific 
erase operations must be kept discrete in x8 mode 
by addressing even bytes only for one-half of the 
zone pair, then addressing odd bytes only for the 
other half. 

Card Detection 

The flas h memory card features two card detect 
pins (CD 1/2 ) that allow the host system to determind 
if the card is properly loaded. Note that the two pins 
are located at opposite ends of the card. Each CD 
output should be read through a port bit. Should only 
one of the two bits show the card to be present, then 
the system should instruct the user to re-insert the 
card squarely into the socket. Card detection can 
also tell the system whether or not to redirect drives 
in the case of system booting. CD 1/2 is active low, 
internally tied to ground. 

Write Protection 

The flash memory card features three types of write 
protection. The first type features a mechanical 
Write Protect Switch that disables the circuitry that 
control Write Enable to the flash devices. When the 
switch is activated, WE is forced high, which dis- 
ables any writes to the Command Register. The 
second type of write protection is based on the 
PCMCIA/JEIDA socket. Unique pin length assign- 
ments provide protective power supply sequencing 
during hot insertion and removal. The third type op- 
erates via software control through the Command 
Register when the card resides in its connector. The 
Command Register of each zone is only active when 
V PP1/2 is at high voltage. Depending upon the appli- 
cation, the system designer may choose to make 
V PP1/2 power supply switchable — available only 
when writes are desired. When V PP1/2 = V PPL , the 
contents of the register default to the read com- 
mand, making the iMC004FLKA a read-only mem- 
ory card. In this mode, the memory contents cannot 
be altered. 
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The system designer may choose to leave V PP1/2 = 
V PPH , making the high voltage supply constantly 
available. In this case, all Command Register func- 
tions are inhibited whenever V cc is below the write 
lockout voltage, V lko . (See the section on Power 
Up/Down Protection.) The iMC004FLKA is de- 
signed to accommodate either design practice, and 
to encourage optimization of the processor-memory 
card interface. 

BUS OPERATIONS 

Read 

The iMC004FLKA has two control functions, both 
of which must be logically active, to obtain data at 
the outputs. Card Enable (CE) is the power control 
and should be used for _high and/or low zone(s) se- 
lection. Output Enable (OE) is the output control and 
should be used to gate data from the output pins, 
independent of accessed zone selection. In the 
byte-wide configuration, only one CE is required. 
The word-wide configuration requires both CEs 
active low. 


Int e ligent Identifier™ Command 

The manufacturer- and device-codes can be read 
via the Command Register, for instances where the 
iMC004FLKA is erased and rewritten in a universal 
reader/writer. Following a write of 90H to a zone’s 
Command Register, a read from address location 
00000H on any zone outputs the manufacturer code 
(89H). A read from address 0002H outputs the 
memory device code (BDH). 

Write 

Zone erasure and rewriting are accomplished via 
the Command Register, when high voltage is ap- 
plied to V PP1/2 . The contents of the register serve 
as input to that zone’s internal state-machine. The 
state-machine outputs dictate the function of the 
targeted zone. 

The Command Register itself does not occupy an 
addressable memory location. The register is a 
latch used to store the command, along with ad- 
dress and data information needed to execute the 
command. 


When V PP1/2 is high (V PPH ), the read operations can 
be used to access zone data and to access data for 
write/erase verification. When V PP1/2 is low (V PPL ), 
only read accesses to the zone data are allowed. 

Output Disable 

With Output Enable at a logic-high level (V IH ), output 
from the card is disabled. Output pins are placed in 
a high-impedance state. 

Standby 

With one Card Enable at a logic-high level, the 
standby operation disables one-half of the xl 6 out- 
put’s read/write buffer. Further, only the zone cor- 
respondinq to the selected address within the upper 
or lower CE 12 bank is active at a time. (NOTE: A 0 
must bejow to select the low half of the x16 word 
when CE 2 = 1 and CE^ = 0.) All other zones are 
deselected, substantially reducing card power con- 
sumption. For deselected banks, the outputs are 
placed in a high-impedance state, independent of 
the Output Enable signal. If the iMC004FLKA is de- 
selected during erasure, writing, or write/erase ver- 
ification, the accessed zone draws active current 
until the operation is terminated. 


The Command Register is written by bringing Write 
Enable to a logic-low level (V 1L ), while Card Ena- 
ble^) is/are low. Addresses are latched on the fall- 
ing edge of Write Enable, while data is latched on 
the rising edge of the Write Enable pulse. Standard 
microprocessor write timings are used. 


Refer to AC Write Characteristics and the Erase/ 
Write Waveforms for specific timing parameters. 

COMMAND DEFINITIONS 

When low voltage is applied to the V PP pin(s), the 
contents of the zone Command Register(s) default 
to 00H, enabling read-only operations. 



Placing high voltage on the V PP pin(s) enable(s) 
read/write operations. Zone operations are se- 
lected by writing specific data patterns into the 
Command Register. Tables 3 and 4 define these 
iMC004FLKA register commands for both byte- 
wide and word-wide configurations. 
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Table 2. Bus Operations 


Pins 

Notes 

[1,7] 

Vpp2 

[1,7] 

Vppi 

A0 

ce 2 

°l 

ml 

OE 


D 8 -Di5 

D 0 "D 7 

Operation 

WE 

READ-ONLY 

Read (x8) 

8 

V PPL 

VppL 

V|L 

V| H 

V| L 

V| L 

V| H 

High Z 

Data Out-Even 

Read (x8) 

9 

VppL 

VppL 

V,H 

V| H 

V| L 

V,L 

V| H 

High Z 

Data Out-Odd 

Read (x8) 

10 

VppL 

VppL 

X 

V| L 

V,H 

V| L 

V| H 

Data Out 

High Z 

Read (x16) 

11 

VppL 

VppL 

X 

V|L 

V| L 

V, L 

V, H 

Data Out 

Data Out 

Output Disable 


VppL 

VppL 

X 

X 

X 

V,H 

V| H 

High Z 

High Z 

Standby 


VppL 

VppL 

X 

V| H 

V|H 

X 

X 

High Z 

High Z 

READ/WRITE 

Read (x8) 

3, 8 

Vppx 

VppH 

V,L 

V| H 

V| L 

V|L 

V,H 

High Z 

Data Out-Even 

Read (x8) 

3,9 

Vp P H . 

Vppx 

V, H 

V,H 

V, L 

V| L 

V, H 

High Z 

Data Out-Odd 

Read (x8) 

10 

VppH 

VpPX 

X 

V| L 

V|H 

V, L 

V,H 

Data Out 

High Z 

Read (x16) 

3, 11 

Vpph 

VpPH 

X 

V| L 

V| L 

V| L 

V, H 

Data Out’ 

Data Out 

Write (x8) 

5, 8 

Vppx 

VpPH 

V,L 

V| H 

V 1L . 

V| H 

V, L 

High Z 

Data In-Even 

Write (x8) 

9 

Vpph 

Vppx 

V| H 

V| H 

V IL 

V| H 

V, L 

High Z 

Data In-Odd 

Write (x8) 

10 

VppH 

V P px 

X 

V, L 

V 1H 

V| H 

V| L 

Data In 

High Z 

Write (x16) 

11 

VppH 

VpPH 

X 

V,L 

V| L 

V |H 

V| L 

Data In 

Data In 

Standby 

4 

Vpph 

VppH 

X 

V|H 

V| H 

X 

X 

High Z 

High Z 

Output Disable 


VppH 

Vpph 

X 

X 

X 

V| H 

V| L 

High Z 

High Z 


Notes: 

1 . Refer to DC Characteristics. When V PP1/2 = V PPL memory contents can be read but not written or erased. 

2. Manufacturer and device codes may be accessed via a command register write sequence. 

Refer to Table 3. All other addresses low. 

3. Read operations with V PP1/2 = Vpph may access array data or the Inteligent Identifier codes. 

4. With V PP1/2 at high voltage, the standby current equals l C c + Ipp (standby). 

5. Refer to Table 3 for valid Data-In during a write operation. 

6. X can be V, L or V iH . 

7. V PPX = V PPH or V PPL . 

8. This x8 operation reads or writes the low byte of the xl 6 word on DQ 0 . 7 , i.e., A 0 low reads “even” byte in x8 mode. 

9. This x8 operation reads or writes the high byte of the x16 word on DQ 0 . 7 (transposed from DQ 8 . 15 ), i.e., A 0 high reads 

“odd” byte in x8 mode. 

10. This x8 operation reads or writes the high byte of the xl 6 on DQ 8 . 15 . A 0 is “don’t care.” 

11. A 0 is “don’t care," unused in x16 mode. High and low bytes are presented simultaneously. 
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Table 3. Command Definitions byte-wide mode 


Command 

Notes 

Bus 

Cycles 

Req’d 

First Bus Cycle 

Second Bus Cycle 

Operation^] Address! 2 ! Data! 3 ! 

Operation! 1 ! Address! 2 ! Data! 3 ! 

Read Memory 


1 

Write 

X 

00H 




Read Inteligent ID Codes 

4 

3 

Write 

IA 

90H 

Read 



Set-up Erase/Erase 

5 

2 

Write 

ZA 

20H 

Write 

ZA 

20H 

Erase Verify 

5 

2 

Write 

tA 

AOH 

Read 

EA 

EVD 

Set-up Write/Write 

6 

2 

Write 

WA 

40H 

Write 

WA 

WD 

Write Verify 

6 

2 

Write 

WA 

COH 

Read 

WA 

WVD 

Reset 

7 

2 

Write 

X 

FFH 

Write 

X 

FFH 


Table 4. Command Definitions word-wide mode 


Command 

Notes 

Bus 

Cycles 

Req’d 

First Bus Cycle 

Second Bus Cycle 

Operation! 1 ! Address! 2 ! Data! 3 ! 

Operation! 1 ! Address! 2 ! Data! 3 ! 

Read Memory 


1 

Write 

X 

0000H 




Read Inteligent ID Codes 

4 

3 

Write 

IA 

9090H 

Read 



Set-up Erase/Erase 

5 

2 

Write 

ZA 

2020H 

Write 

ZA 

2020H 

Erase Verify 

5 

2 

Write 

EA 

AO AOH 

Read 

EA 

EVD 

Set-up Write/Write 

6 

2 

Write 

WA 

4040H 

Write 

WA 

WD 

Write Verify 

6 

2 

Write 

WA 

C0C0H 

Read 

WA 

WVD 

Reset 

7 

2 

Write 

X 

FFFFH 

Write 

X 

FFFFH 


Notes: 

1 . Bus operations are defined in Table 2. 

2. IA = Identifier address: 00H for manufacturer code, 01 H for device code. 

EA = Address of memory location to be read during erase verify. 

WA = Address of memory location to be written. 

ZA = Address of 256 K-Byte zones involved in erase operation. 

Addresses are latched on the falling edge of the Write Enable pulse. 

3. ID = Data read from location IA during device identification. (Mfr = 89H, Device = BDH). 

EVD = Data read from location EA during erase verify. 

WD = Data to be written at location WA. Data is latched on the rising edge of Write Enable. 

WVD = Data read from location WA during write verify. WA is latched on the Write command. 

4. Following the Read Inteligent ID command, two read operations access manufacturer and device codes. 

5. Figure 5 illustrates the Erase Algorithm. 

6. Figure 6 illustrates the Write Algorithm. 

7. The second bus cycle must be followed by the desired command register write. 
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Read Command 

While V PP1/2 is high, for erasure and writing, zone 
memory contents can be accessed via the read 
command. The read operation is initiated by writing 
00H (0000H for the word-wide configuration) into 
the zone Command Register(s). Microprocessor 
read cycles retrieve zone data. The accessed zone 
remains enabled for reads until the Command Reg- 
isters) contents are altered. 

The default contents of each zone’s register(s) upon 
V PP1/2 power-up is 00H (00000H for word-wide). This 
default value ensures that no spurious alteration of 
memory card contents occurs during the V PP1/2 
power transition. Where the V PP1/2 supply is left at 
Vp PH , the memory card powers-up and remains 
enabled for reads until the command Register con- 
tents of targeted zones are changed. Refer to the 
AC Read Characteristics and Waveforms for spe- 
cific timing parameters. 

int e ligent Identifier Command 

Each zone of the iMC004FLKA contains an indi- 
gent Identifier to identify memory card device char- 
acteristics. The operation is initiated by writing 90H 
(9090H for word-wide) into the Command Regis- 
ters). Following the command write, a read cycle 
from address 00000H retrieves the manufacturer 
code 89 H (8989H for word-wide). A read cycle from 
address 0002H returns the device code BDH 
(BDBDH for word-wide). To terminate the operation, 
it is necessary to write another valid command into 
the register(s). 

Set-up Erase/Erase Commands 

Set-up Erase is a command-only operation that 
stages the targeted zone(s) for electrical erasure of 
all bytes in the zone. The set-up erase operation is 
performed by writing 20H to the Command Register 
(2020 H for word-wide). 


To commence zone-erasure, the erase command 
(20H or 2020H) must again be written to the regis- 
ters). The erase operation begins with the rising 
edge of the Write-Enable pulse and terminates with 
the rising edge of the next Write-Enable pulse (i.e., 
Erase-Verify Command). 

This two-step sequence of set-up followed by exe- 
cution ensures that zone memory contents are not 
accidentally erased. Also, zone-erasure can only 
occur when high voltage is applied to the V PP1/2 pins. 
In the absence of this high voltage, zone memory 
contents are protected against erasure. Refer to AC 
Erase Characteristics and Waveforms for specific 
timing parameters. 

Erase-Verify Command 

The erase command erases all of the bytes of the 
zone in parallel. After each erase operation, all 
bytes in the zone must be individually verified. In 
byte-mode operations, zones are segregated by A 0 
in odd and even banks; erase and erase verify 
operations must be done in complete passes of 
even-bytes-only then odd-bytes-only. See the Erase 
Algorithm for byte-wide mode. The erase verify 
operation is initiated by writing AOH (A0A0H for 
word-wide) into the Command Register(s). The ad- 
dress for the byte(s) to be verified must be supplied 
as it is latched on the falling edge of the Write Enable 
pulse. The register write terminates the erase op- 
eration with the rising edge of its Write Enable pulse. 

The enabled zone applies an internally-generated 
margin voltage to the addressed byte. Reading FFH 
from the addressed byte indicates that all bits in the 
byte are erased. Similarly, reading FFFFH from the 
addressed word indicates that all bits in the word 
are erased. 

The erase-verify command must be written to the 
Command Register prior to each byte (word) veri- 
fication to latch its address. The process continues 
for each byte (word) in the zone(s) until a byte (word) 
does not return FFH (FFFFH) data, or the last 
address is accessed. 
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In the case where the data read is not FFH (FFFFH), 
ano.ther erase operation is performed. (Refer to Set- 
up Erase/Erase.) Verification then resumes from 
the address of the last-verified byte (word). Once all 
bytes (words) in the zone(s) have been verified, the 
erase step is complete. The accessed zone can now 
be written. At this point, the verify operation is ter- 
minated by writing a valid command (e.g., Write Set- 
up) to the Command Register. The Erase algorithms 
for byte-wide and word-wide cof!?igu rQ ^' nnc • 1 1 • ■ c - 
trate how commands and bus operations are 
combined to perform electrical erasure of the 
iMCOOl FLKA. Refer to AC Erase Characteristics 
and Waveforms for specific timing parameters. 

Set-up Write/Write Commands 

Set-up write is a command-only operation that 
stages the targeted zone for byte writing. Writing 
40H (4040H) into the Command Register(s) per- 
forms the set-up operation. 

Once the write set-up operation is performed, the 
next Write Enable pulse causes a transition to an 
active write operation. Addresses are internally 
latched on the falling edge of the Write Enable 
pulse. Data is internally latched on the rising edge 
of the Write Enable pulse. The rising edge of Write 
Enable also begins the write operation. The write 
operation terminates with the next rising edge of 
Write Enable, which is used to write the verify com- 
mand. Refer to AC Write Characteristics and Wave- 
forms for specific timing parameters. 

Write Verify Command 

The iMC004FLKA is written on a byte-by-byte or 
word-by-word basis. Byte or word writing may occur 
sequentially or at random. Following each write 
operation, the byte or word just written must be 
verified. 

The write-verify operation is initiated by writing COH 
(COCO) into the Command Register(s). The register 
write(s) terminate(s) the write operation with the ris- 
ing edge of its Write Enable pulse. The write-verify 
operation stages the accessed zone(s) for verifi- 
cation of the byte or word last written. No new ad- 
dress information is latched. The zone(s) apply(ies) 
an internally-generated margin voltage to the byte 


or word. A microprocessor read cycle outputs the 
data. A successful comparison between the written 
byte or word and true data means that the byte or 
word is successfully written. The write operation 
then proceeds to the next desired byte or word lo- 
cation. The Write algorithms for byte-wide and 
word-wide configurations illustrate how commands 
are combined with bus operations to perform byte 
and word writes. Refer to AC Write Characteristics 
and Waveforms for specific timing narpmptprs 

Reset Command 

A reset command is provided as a means to safely 
abort the erase- or write-command sequences. Fol- 
lowing either set-up command (erase or write) with 
two consecutive writes of FFH (FFFFH for word- 
wide) will safely abort the operation. Zone memory 
contents will not be altered. A valid command must 
then be written to place the accessed zone in the 
desired state. 

EXTENDED ERASE/WRITE CYCLING 

Intel has designed extended cycling capability into 
its ETOX II flash memory technology enabling a 
flash memory card with a MTBF that is approxi- 
mately 20 times more reliable than rotating disk 
technology. Resulting improvements in cycling reli- 
ability come without increasing memory cell size or 
complexity. First, an advanced tunnel oxide in- 
creases the charge carrying ability ten-fold. Sec-, 
ond, the oxide area per cell subjected to the 
tunneling electric field minimizes the probability of 
oxide defects in the region. The lower electric field 
greatly reduces oxide stress and the probability of 
failure. 

WRITE ALGORITHMS 

The write algorithm(s) use write operations of 10fxs 
duration. Each operation is followed by a byte or 
word verification to determine when the addressed 
byte or word has been successfully written. The al- 
gorithm^) allows for up to 25 write operations per 
byte or word, although most bytes and words verify 
on the first or second operation. The entire se- 
quence of writing and byte/word verification is per- 
formed with V PP at high voltage. 
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ERASE ALGORITHM 

The Erase algorithm(s) yield(s) fast and reliable 
electrical erasure of memory contents. The algo- 
rithm employs a closed-loop flow, similar to the write 
algorithm, to simultaneously remove charge from all 
bits in the accessed zone(s). 

Erasure begins with a read of memory zone con- 
tents. Reading FFH (FFFFH) data from the ac- 
cessed zone(s) can be immediately followed by 
writing to the desired zone(s). 

For zones being erased and rewritten, uniform and 
reliable erasure is ensured by first writing all bits in 
the accessed zone to their charged state (data = 
00H byte-wide, 00000H word-wide). This is accom- 
plished, using the write algorithm, in approximately 
four seconds per zone. 


Erase execution then continues with an initial erase 
operation. Erase verification (data = FFH byte- 
wide, FFFFH word-wide) begins at address 00000H 
and continues through the zone to the last address, 
or until data other than FFH (FFFFH) is encoun- 
tered. (Note: byte-wide erase operation requires 
separate even- and odd-address passes to handle 
the individual 256 K-Byte zones.) With each erase 
operation, an increasing number of bytes or words 
verify to the erased state. Erase efficiency may be 
improved by storing the address of the last byte or 
word verified in a register(s). Following the next 
erase operation, verification starts at that stored ad- 
dress location. Follow this procedure until all bytes 
in the zone are erased. Then, re-start the procedure 
for the next zone or word-wide zone pair. Erasure 
typically occurs in two seconds per zone. 



Figure 3. Full Card Erase Flow 
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BUS 

OPERATION 

COMMAND 

COMMENTS 

Standby 

. 

Wait for V PP ramp 
to V PPH (= 12.0V) [2] 



Initialize pulse-count 

Write 

Set-up 

Write 

Data = 40H 

Write 

Write 

Valid address/data 

Standby 

[3] 

Write 

Verify 

Duration Of Write 
operation (t W Hwm) 

Write 

Data = COH; Stops [4] 
Write Operation 

Standby 


twHGL 

Read 


Read byte to verify 

Write Operation 

Standby 


Compare data output 
to data expected 

Write 

Read 

Data = 00H, resets the 
register for read 
operations. 

Standby 


Wait for V PP ramp 
to V PPL [2] 


1. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of 

the device. 

2. See DC Characteristics for the value of Vp PH and V P pl. 


3. Write Verify is only performed after 

a byte write operation. A final read/compare 
may be performed (optional) after the 
register is written with the Read command. 

4. Refer to principles of operation. 
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BUS 

OPERATION 

COMMANDS 

COMMENTS 

Standby 


Wait for V PP ramp 
to Vpph (= 12.0V) [2] 



Use Write Operation 
Algorithm 



Initialize even/odd 
Addresses, 

Erase Pulse Width, 
and Pulse Count 

Write 

Set-up 

Erase 

Data = 20H 

Write 

Erase 

Data = 20H 

Standby 


Duration of Erase 
operation (t W HWH2) 

Write 

Standby 

Read 

Erase 

Verify [3] 

Addr = Byte to verify; 
Data = AOH; Stops 

Erase Operation [4] 

twHGL 

Read byte to verify 
erasure 

Standby 


Compare output to FFH 
increment pulse count 

Write 

Standby 

Read 

Data = 00H, resets the 
register for read 
operations. 

Wait for V PP ramp 
to Vp PL [2] 



NOies ’ 3. Erase Verify is only performed after 

1. CAUTION: The algorithm MUST BE FOLLOWED chip erasure. A final read/compare 

to ensure proper and reliable operation of may be performed (optional) after the 

the device. register is written with the Read command. 

2. See DC Characteristics for the value of Vp PH and Vp PL . 4. Refer to principles of operation. 

Figure 5. Erase Algorithm for byte-wide mode 
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COMMENTS 


Wait for V PP ramp to V PPH 


ADRS = address to write 
W_DAT = data word to write 

Initialize Data Word Variables: 

V DAT = valid data 
W_COM = Write Command 

V COM = Write Verify Command 
PLSCNTJHI = HI Byte Pulse 
Counter 

PLSCNT_LO = LO Byte Pulse 
Counter 

FLAG = Write Error Flag 


Write Set-up Command 
xx = Address don't care 

Write 


See Write Verify and Mask 
Subroutine. 

Write Verify Command 


F_DAT = flash memory data 


Compare flash memory data 
to valid data (word compare). 

If not equal, check for Write 
Error flag. If Flag not set, 
compare High and Low Bytes 
in the Subroutine. 

Check buffer of I/O port for more 
data to write. 


Reset device for read operation. 


Turn off V PP . 


Figure 6. Write Algorithm for word-wide mode 
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START SUBROUTINE 


COMMENTS: 


LO-BYTE = (F_DAT AND OOFFH) 


To look at the LO Byte, Mask* the 
HI Byte with 00. 


^ LO-BYTE 
V_DAT AND OOFFIH. 


w COM = (W COM OR OOFFH) *;0 Byte verifies, mask the 

VCOM = (V “COM OR OOFFH) L0 B yte commands with the 

reset command (FFH) 


INCREMENT PLSCNT LO 


PLSCNT LO = 25?. 


FLAG = 1 


If the LO Byte does not verify, 
then increment its pulse counter 
and check for max count. 

FLAG = 1 denotes a LO Byte error. 


HIJBYTE = (F_DAT AND FF00H) 


Repeat the sequence for 
the HI Byte. 


^^nl-BYTE = V Y 

1v DAT AND FF00m>-> W - C0M = (W_COM OR FF00H) 
" rruunj/ w v C0 M = (V COM OF FF00H) 


INCREMENT PLSCNT HI 


PLSCNT HI = 25?^ 


FLAG = FLAG + 2 


FLAG = 2 denotes a HI Byte error. 
FLAG = 3 denotes both a HI and 
LO Byte errors. Flag = 0 denotes 
no max count errors; continue 
with algorithm. 


SUBROUTINE RETURN 


*Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming data (F_DAT), 
the program commands and the verify commands. Then manipulate the HI or LO register contents. 


Figure 7. Write Verify and Mask Subroutine for word-wide mode 
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COMMENTS: 


Wait for V PP to stabilize. 


Use Write operation algorithm 
in x8 or x16 configuration 

initialize Variables: 

PLSCNT HI = HI Byte Pulse Counter 
PLSCNT LO = LO Byte Pulse Counter 
FLAG = Erasure error flag 
ADRS = Address 
E COM = Erase Command 
V_COM = Verify Command 

Erase Set-up Command 


Start Erasing 


Duration of Erase Operation. 


Erase Verify Command stops 
erasure. 

See Block Erase Verify & 
Mask Subroutine 


When both devices at ADRS are 
erased, F_DATA = FFFFH. 

If not equal, increment the 
pulse counter and check for 
last pulse. 

Reset commands default to 
(E_COM = 2020H) 

(V_COM = AOAOH) 
before verifying next ADRS. 


Reset device for read operation. 
Turn off V PP . 


NOTES: 

XI 6 Addressing uses A 1 -A 21 only. A Q =0 throughout word-wide operation. 


Figure 8. Erase Algorithm for word-wide mode 
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Figure 9. Erase Verify and Mask Subroutine for word-wide mode. 
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SYSTEM DESIGN CONSIDERATIONS 

Three-Line Control 

Three-line control provides for: 

a. the lowest possible power dissipation and, 

b. complete assurance that output bus contention 
will not occur. 

To efficiently use these three control inputs, an 
address-decoder output should drive CE 1 ?, while 
the system’s Read signal controls the card OE sig- 
nal, and other parallel zones. This, coupled with the 
internal zone decoder, assures that only enabled 
memory zones have active outputs, while dese- 
lected zones maintain the low power standby 
condition. 

Power-Supply Decoupling 

Flash memory power-switching characteristics re- 
quire careful device decoupling. System designers 
are interested in three supply current issues — 
standby, active and transient current_peaks, pro- 
duced by falling and rising edges of CE 1/2 . The ca- 
pacitive and inductive loads on the card and internal 
flash memory zones determine the magnitudes of 
these peaks. 

Three-line control and proper decoupling capacitor 
selection will suppress transient voltage peaks. The 
iMC004FLKA features on-card ceramic decoupling 
capacitors connected between V cc and V ss , and 
between V ppi /Vpp 2 and V ss . 


The card connector should also have a 4.7pF elec- 
trolytic capacitor between V cc and V ss , as well as 
between V PP1 /V PP2 and V ss . The bulk capacitors will 
overcome voltage slumps caused by printed-circuit- 
board trace inductance, and will supply charge to 
the smaller capacitors as needed. 

Power Up/Down Protection 

The PCMCIA/JEIDA socket is specified, via unique 
Fin ifcMiyiiis, iu properiy sequence the power sup- 
plies to the flash memory card. This assures that 
hot insertion and removal will not result in card dam- 
age or data loss. 

Each zone in the iMC004FLKA is designed to offer 
protection against accidental erasure or writing, 
caused by spurious system-level signals that may 
exist during power transitions. The card will power- 
up into the read state. 

A system designer must guard against active writes 
for V cc voltages above V LKO when V PP is active. 
Since both WE and CE, 2 must be low for a com- 
mand write, driving either to V IH will inhibit writes. 
With its control register architecture, alteration of 
zone contents only occurs after successful comple- 
tion of the two-step command sequences. 

While these precautions are sufficient for most ap- 
plications, it is recommended that V cc reach its 
steady state value before raising V PP1/2 above 
V CC + 2.0V. In addition, upon powering-down, 
V PP1/2 should be below V CC + 2.0V, before lowering 
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ABSOLUTE MAXIMUM RATINGS* * Notice : Stresses above those listed under "Abso- 


lute Maximum Ratings” may cause permanent dam- 
Operating Temperature age to the card. This is a stress rating only and 

During Read 0°C to + 60°C( 1 ) functional operation of the card at these or any other 

During Erase/Write 0°C to + 60°C conditions above those indicated in the operational 

Temperature Under Bias - 10°C to + 70°C sections of this specification is not implied. Exposure 

Storage Temperature - 30°C to + 70°C to absolute maximum rating conditions for extended 

Voltage on Any Pin with periods may affect card reliability. 

Respect to Ground -2.0V to + 7.0V< 2 > 

V ppi /Vpp 2 Supply Voltage with NOTICE: Specifications contained within the follow- 

Respect to Ground ing tables are subject to change. 

During Erase/Write -2.0V to + 14.0V< 2 ' 3 > 

V cc Supply Voltage with 

Respect to Ground -2.0 V to + 7.0V (2) 


Notes: 

1 . Operating temperature is for commercial product defined by this specification. 

2. Minimum DC input voltage is -0.5V. During transitions, inputs may undershoot to -2.0V for periods less than 20 ns. 
Maximum DC voltage on output pins is V cc + 0.5V, which may overshoot to V c c + 2.0V for periods less than 20 ns. 

3. Maximum DC input voltage on V ppi /Vpp 2 may overshoot to + 14.0V for periods less than 20 ns. 


OPERATING CONDITIONS 


Symbol 

Parameter 

Limits 

Unit 

Comments 

Min 

Max 

Ta 

Operating Temperature 

0 

60 

°C 

For Read-Only and 
Read/Write Operations 

Vcc 

V cc Supply Voltage 

4.75 

5.25 

V 


VppH 

Active V PP1 , V p P2 

Supply Voltages 

11.40 

12.60 

V 


VppL 

V PP During Read Only 
Operations 

0.00 

6.50 

V 
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DC CHARACTERISTICS — Byte Wide Mode 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Condition 

Min 

Typical 

Max 

lu 

Input Leakage Current 

1 


±1.0 

±20 

uA 

Vcc ~ V C c rnax 

Vin = V C c V ss 

Lo 

Output Leakage Current 

1 


±1.0 

±20 

uA 

V cc = V cc max 

Vout = V cc or V ss 

Ices 

V cc Standby Current 

1 


0.8 

1.6 

mA 

V C c - V cc max 

CE = Vj H 

Icci 

V cc Active Read Current 

1,2 


40 

70 

mA 

V C c = V cc max CE = V IL 
f = 6MHz, l OUT = 0mA 

lcC2 

V cc Write Current 

1,2 


1.0 

12.0 

mA 

Writing in progress 

lcC3 

V cc Erase Current 

1,2 


6.0 

17 

mA 

Erasure in progress 

lcC4 

V cc Write Verify Current 

1,2 


6.0 

17 

mA 

Vpp = V PPH 

Write Verify in progress 

lcC5 

V cc Erase Verify Current 

1,2 


6.0 

17 

mA 

Vpp — V PPH 

Erase Verify in progress 

Ipps 

V PP Leakage Current 

1 



±80 

uA 

Vpp^ Vcc 

IpPI 

V PP Read Current 
or Standby Current 

1,3 


0.7 

1.6 

mA 

Vpp > V C c 


±.08 

o 

o 

> 

V/ 

0. 

Q. 

> 

1 PP2 

V PP Write Current 

1,3 


8.0 

30 

mA 

Vpp — Vpp H 

Write in progress 

lpP3 

V PP Erase Current 

1,3 


10 

30 

mA 

Vpp — V PPH 

Erasure in progress 

lpP4 

V PP Write Verify Current 

1,3 


3.0 

6.0 

mA 

Vpp = V PPH 

Write Verify in progress 

lpP5 

V PP Erase Verify Current 

1,3 


3.0 

6.0 

mA 

Vpp — V PPH 

Erase Verify in progress 

V IL 

Input Low Voltage 


-0.5 


0.8 

V 


V|H 

Input High Voltage 


2.4 


V cc + 0.3 

V 


V OL 

Output Low Voltage 




0.40 

V 

l OL = 3.2mA 

V cc = V cc min 

VoHI 

Output High Voltage 


3.8 



V 

l OH = -2.0mA 

V cc = V cc min 

VppL 

V PP During Read-Only 
Operations 


0.00 


6.5 

V 

Note: Erase/Write are 
inhibited when V PP = V PPL 

VpPH 

V PP During Read/Write 
Operations 


11.40 


12.60 

V 


Vlko 

V cc Erase/Write lock 
voltage 


2.5 



V 



Notes: 

1. All currents are in RMS unless otherwise noted. Typical values at V cc = 5.0V, V PP = 12.0V, T = 25° C. 

2. 1 chip active and 15 in standby for byte-wide mode. 

3. Assumes 1 V PP is active. 
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DC CHARACTERISTICS — Word Wide Mode 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Test Condition 

Min 

Typical 

Max 

lu 

Input Leakage Current 

1 


±1.0 

±20 

uA 

V C c = V cc max 

Vin = V cc or V ss 

Ilo 

Output Leakage Current 

1 


±1.0 

±20 

uA 

V cc = V cc max 

Vout ~ V cc or V ss 

Ices 

V cc Standby Current 

1 


0.8 

1.6 

mA 

V C c = V cc max 

CE = V, H 

Icci , 

V cc Active Read Current 

1,2 


50 

100 

mA 

Vcc == Vcc max CE = V !L 
f = 6MHz, l OUT = 0mA 

lcC2 

V cc Write Current 

1,2 


2.0 

20 

mA 

Writing in progress 

lcC3 

V cc Erase Current 

1,2 


10 

30 

mA 

Erasure in progress 

lcC4 

V cc Write Verify Current 

1,2 


10 

30 

mA 

V PP = V PPH 

Write Verify in progress 

lcC5 

V cc Erase Verify Current 

1,2 


10 

30 

mA 

V PP = V PPH 

Erase Verify in progress 

Ipps 

V PP Leakage Current 

1 



±160 

uA 

Vp P ^ V C c 

IpPI 

V PP Read Current 
or Standby Current 

1,3 


1.5 

3.0 

mA 

V pp > V C c 


±.16 

Vpp =£ v cc 

I PP2 

V PP Write Current 

1,3 


17 

63 

mA 

Vpp = V PPH 

Write in progress 

lpP3 

V PP Erase Current 

1,3 


20 

60 

mA 

Vpp = V PPH 

Erasure in progress 

lpP4 

V PP Write Verify Current 

1,3 


5.0 

12 

mA 

Vpp — V PPH 

Write Verify in progress 

lpP5 

V PP Erase Verify Current 

1,3 


5.0 

12 

mA 

Vpp — V PPH 

Erase Verify in progress 

V,L 

Input Low Voltage 


-0.5 


0.8 

V 


V,H 

Input High Voltage 


2.4 


V cc + 0.3 

V 


V 0 L 

Output Low Voltage 




0.40 

V 

l OL = 3.2mA 

Vcc = V cc min 

VoHI 

Output High Voltage 


3.8 



V 

l OH - -2.0mA 

Vcc = V cc min 

VppL 

V PP During Read-Only 
Operations 


0.00 


6.5 

V 

Note: Erase/Write are 
inhibited when V PP = V PPL 

VpPH 

V PP During Read/Write 
Operations 


11.40 


12.60 

V 


Vlko 

V cc Erase/Write lock 
voltage 


2.5 




V 



Notes: 

1. All currents are in RMS unless otherwise noted. Typical values at V cc = 5.0V, V PP = 12.0V, T = 25° C. 

2. 2 chips active and 14 in standby for word-wide mode. 

3. Assumes 2 V PP s are active. 
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CAPACITANCE T = 25° C, f = 1.0 MHz 


Symbol 

Parameter 

Notes 

Limits 

Unit 

Conditions 

Min 

Max 

C| N , 

Address Capacitance 


i 

8 

PF 

> 

o 

II 

z 

> 

C|N2 

Control Capacitance 



16 

PF 

< 

z 

II 

O 

< 

Gout 

Output Capacitance 


1 

21 

PF 

V 0UT = ov 

j O 

i tr\ r* u 

| i/vj uapauiianuc 

1 1 

i ! 

i !£ 

1 LL 1 

S V| /0 ~ 0V | 


AC TEST CONDITIONS 

Input Rise and Fall Times (10% to 90%) 10 ns 

Input Pulse Levels Vol and Vohl 

Input Timing Reference Level Vil and Vih 

Output Timing Reference Level Vil and Vih 


AC CHARACTERISTICS — Read-Only Operations 


Symbol 

Characteristic 

Notes 

Min 

Max 

Unit 

o 

DC 

1 

Read Cycle Time 

2 

250 


ns 

^ELQv/fcE 

Chip Enable Access Time 

2 


250 

ns 

f AVQV^ACC 

Address Access Time 

2 


250 

ns 

^GLQv/foE 

Output Enable 

Access Time 

2 


120 

ns 

^ELQX^LZ 

Chip Enable to Output 
in Low Z 

2 

• 

5 


ns 

f EHQZ 

Chip Disable to Output 
in High Z 

2 


60 

ns 

^GLOx/foLZ 

Output Enable to Output 
in Low Z 

2 

5 


ns 

fGHQZ^DF 

Output Disable to Output 
in High Z 

2 


60 

ns 

foH 

Output JHold from Address, 

CE, or OE Change 

1,2 

5 


ns 

fwHGL 

Write Recovery Time 

Before Read 

2 

6 


us 


Notes: 

1. Whichever occurs first. 

2. Rise/Fall time 10ns. 
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Figure 10. AC Waveforms for Read Operations 
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AC CHARACTERISTICS — For Write/Erase Operations 


Symbol 

Characteristic 

Notes 

Min 

Max 

Unit 

UvAv/lwC 

Write Cycle Time 

1,2 

250 


ns 

^AVWL^AS 

Address Set-up Time 

1,2 

0 


ns 

^WLAX^AH 

Address Hold Time 

1,2 

100 


ns 

Wwi-Ads 

Data Set-up Time 

1,2 

80 


ns 

^WHDX^DH 

Data Hold Time 

1,2 

30 


ns 

twHGL 

Write Recovery Time Before Read 

1,2 

6 


us 

^GHWL 

Read Recovery Time Before Write 

1,2 

0 


us 

twLOZ 

Output High-Z from Write Enable 

1,2 

5 


ns 

twHOX 

Output Low-Z from Write Enable 

1,2 


60 

ns 

^ELWL^CS 

Chip Enable Set-up Time Before Write 

1,2 

40 


ns 

^WHEH^CH 

Chip Enable Hold Time 

1,2 

0 


ns 

Ulwh^wp 

Write Pulse Width 

1,2 

100 


ns 

^WHWL^WPH 

Write Pulse Width High 

1,2 

20 


ns 

twHWHI 

Duration of Write Operation 

1,2,3 

10 


us 

twHWH2 

Duration of Erase Operation 

1,2,3 

9.5 


ms 

Wpel 

V PP Set-up Time to Chip Enable Low 

1,2 

100 


ns 


Notes: 

1 . Read timing parameters during read/write operations are the same as during read-only operations. Refer to AC 
Characteristics for Read-Only Operations. 

2. Rise/Fall time =s 10ns. 

3. The integrated stop timer terminates the write/erase operations, thereby eliminating the need for a maximum 
specification. 

ERASE/WRITE PERFORMANCE 
























HI 



Notes: 

1. 25° C, 12.0V V PP . 

2. Minimum byte writing time excluding system overhead is 16 usee (10 usee program + 6 usee write recovery), while 
maximum is 400 usec/byte (16 usee x 25 loops allowed by algorithm). Max chip write time is specified lower than the 
worst case allowed by the write algorithm since most bytes write significantly faster than the worst case byte. 

3. Excludes 00H writing Prior to Erasure. 

4. One zone equals 256K Bytes. 

5. MTBF = Mean Time Between Failure, 50% failure point for disk drives. 
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Figure 11. AC Waveforms for Write Operations 
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Figure 12. AC Waveforms for Erase Operations 
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ALTERNATIVE CE-CONTROLLED WRITES 


Symbol 

Characteristic 

Notes 

Min 

Max 

Unit 

Wav 

Write Cycle Time 


250 


ns 

Wel 

Address Set-up Time 


0 


ns 

Wax 

Address Hold Time 


100 


ns 

Weh 

Data Set-up Time 


80 


ns 

Wdx 

Data Hold Time 


30 


ns 

^EHGL 

Write Recovery Time 

Before Read 


6 


us 

Ighel 

Read Recovery Time 

Before Write 


0 


us 

Wlel 

Write Enable Set-Up Time 
before Chip-Enable 


0 


ns 

WwH 

Write Enable Hold Time 


0 


ns 

Weh 

Write Pulse Width 

1 

100 


ns 

^EHEL 

Write Pulse Width High 


20 


ns 

tpEL 

V PP Set-Up Time 
to Chip-Enable Low 


100 


ns 


Notes: 

1 . Chip Enable Controlled Writes: Write operations are driven by the valid combination of Chip Enable and Write Enable. 
In systems where Chip Enable defines the write pulse width (with a longer Write Enable timing waveform) all set-up, 
hold and inactive Write Enable times should be measured relative to the Chip Enable waveform. 
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Figure 13. Alternate AC Waveforms for Write Operations 
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1.0 INTRODUCTION 

Intel’s ETOXTM n (EPROM tunnel oxide) flash mem- 
ory technology uses a single-transistor cell to provide 
in-system reprogrammable nonvolatile storage. Repro- 
gramming entails electrically erasing all bits in parallel 
and then randomly programming any byte in the array. 
This new technology offers designers alternatives for 
two of industry’s needs: 1) a cost-effective means of 
updating program code; and 2) a solid-state approach 
for non-volatile data accumulation or storage. 

This application note: 

• introduces you to the concepts of in-system writing; 

• discusses the hardware and software considerations 
for reprogramming flash memories in-system; 

• offers a checklist for integrating Intel’s flash memo- 
ries into microprocessor- or microcontroller-based 
systems; and 

• shows an example of an 80C186 design which incor- 
porates flash memory. 

1.1 PROM Programmer vs System- 
Processor Controlled 
Programming 

While soldered to a printed circuit board, one of two 
sources controls flash memory reprogramming: 1) a 
PROM programmer connected to the board, or 2) the 
system’s own central processing unit (CPU). These are 
called on-board programming (OBP), and in-system 
writing (ISW), respectively. With OBP, the PROM 
programmer supplies the programming voltage (Vpp) 
and the programming intelligence; with ISW, Vpp is 
generated locally and the system itself drives the repro- 
gramming process. Both methods offer a variety of ben- 
efits. However this application note focuses on ISW. 


NOTE: 

See Appendix A for OPB design considerations. 


1.2 Information Download and Upload 

ETOX II flash memory technology programs extreme- 
ly quick, permitting “on-the-fly” programming with 
unbuffered 19.2K baud data input. The remote ISW 
system handles the serial communication link for the 
host interface, as well as the flash memory reprogram- 
ming. 

Version Updates (Download) 

Flash memories enable code version updates using sim- 
ple hardware designs. Beyond the basic system, a local 
Vpp supply is all that is needed for remote code down- 
load. 

A central host computer can download program code 
to many remote systems. Flash memory offers this ca- 
pability without the drawbacks of other technologies. It 
is solid-state and nonvolatile, thus eliminating mechani- 
cal component wear-out (common with disk drives) 
and the risk of losing updates (a concern with battery- 
backed RAM). These aspects of flash memory offer 
major advantages in automated factories, remote sys- 
tems, portable equipment and other applications. Final- 
ly, flash memories provide this capability at a much 
lower cost than byte-alterable EEPROM and battery- 
backed SRAM. 

Data Acquisition (Upload) 

Intel’s flash memories allow single-byte programming 
for data accumulation applications. A remote data-log- 
ger uploads its information to a central host via serial 
link. The flash memory device is then in-system erased 



Figure 1. These diagrams illustrate OBP and ISW. In OBP, a PROM programmer updates a system’s 
flash memory. The ISW diagram shows a host updating remote flash memory via serial link. The 
remote system performs the flash reprogramming with its own CPU. 


Intel’s ETOX flash memory process has patents pending. 
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for resumption of data acquisition. This is useful in an 
advanced electrical power meter, for example. It could 
be configured to track and monitor power usage and 
report the data to a central computer for billing and 
utility management. This reduces the cost of manual 
door-to-door meter reading. 


2.0 DEVICE FEATURES AND ISW 
APPLICATION CONSIDERATIONS 

This section gives a brief overview of Intel’s flash mem- 
ory features and explains how they facilitate ISW de- 
sign. 


2.1 Flash Memory Pinouts 

The 32-pin DIP memory site is forward-compatible 
from the 25 6K bit to the 2 Mbit flash memory density. 
It fits into the 27C010 Mbit EPROM pinout and re- 
quires no multiplexed pins. Also, with just a single cir- 
cuit-board jumper trace, a 28-pin EPROM can be 
placed in the lower pins of the 32-pin flash memory 
site. (See Figures 2A and 2B, Flash Memory Pinouts.) 
For more information on intertechnology pin compati- 
bility see Ap Brief AB-25. 


Byte-Wide Flash Memory in 32-Pin DIP 



292046-26 


Figure 2A. Flash Memory Pinouts 
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Table 1. Command Register Instructions 


Command 

Bus 

Cycles 

Req’d 

First Bus Cycle 

Second Bus Cycle 

Opera- 

ation 

AddrO) 

Data( 2 ) 

Oper- 

ation 

AddrO) 

Data(2) 

Read Memory( 3 ) 

1 

Write 

X 

00H 

Read 

Valid 

Valid 

Read int e ligent IdentifierTM 

1 

Write 

X 

90H 

Read 

00/01 H 

ID 

Set-Up Erase/ Erase 

2 

Write 

X 

20H 

Write 

X 

20H 

Erase Verify 

2 

write 

EA ! 

AO'ri 

Read 

X 

EVD 

Set-Up Program/Program 

2 

Write 

X 

40H 

Write 

PA 

PD 

Program Verify 

2 

Write 

X 

C0H 

Read 

X 

PVD 

Reset(3) 

2 

Write 

X 

FFH 

Write 

X 

FFH 


NOTES: 

1. Addresses are latched on the falling edge of the Write-Enable pulse. 

EA = Address of memory location to be read during erase verify. 

PA = Address of memory location to be read during program verify. 

2. EVD = Data read from location EA during erase verify. 

PD = Data to be programmed at location PA. Data is latched on the rising edge of Write-Enable. 

PVD = Data read from location PA during program verify. PA is latched on the Program command. 

3. The second bus cycle must be followed by the next desired command register write, given the proper delay times. 


2.2 Command Register Architecture 

Simplified Processor Interface 

Intel’s command register architecture simplifies the 
processor interface. The command register allows CE\, 
WE\, and OE\ to have standard read/write functional- 
ity. All commands such as “Set-up Program” or “Pro- 
gram Verify” can be written with standard system tim- 
ings. Raising Vpp to 12V enables the command register 
for memory read/write operation, while lowering Vpp 
below Vcc + 2V restores the device to a read only 
memory. 

Writing to the register toggles an internal state-ma- 
chine. The state-machine output controls device func- 
tionality. Some commands require one write cycle, 
while others require two. The command register itself 
does not occupy an addressable memory location. The 
register simply stores the command, along with address 
and data needed to execute the command. With this 
architecture, the device expects the first write cycle to 
be a command and does not corrupt data at the speci- 
fied address. Table 1 contains a list of command regis- 
ter instructions. 

The following sections describe the commands in rela- 
tion to device operation. For more information on the 
command register see the appropriate flash memory 
data sheets, and Section 4.4 “Reprogramming Rou- 
tines”. 

Read Memory Command — 00H 

This command allows for normal memory read opera- 
tions with Vpp turned on. After writing the command 
and waiting 6 jits, the CPU can read from the memory 


at system speeds. Once placed in the read mode no 
further action is required on the command register for 
subsequent read operations. 

Read int e ligent IdentifierTM Command— 90H 

Most PROM programmers read the device’s int e ligent 
Identifier to select the proper programming algorithm. 
On EPROMs, raising A9 to the Vpp level configures 
the device for this purpose. Since this is unacceptable 
in-system, you can read the flash memory int e ligent 
Identifier by first writing command 90H. Follow this 
by reading address 0000 and 000 1H for the manufac- 
turer and device ID. Reset the device with the Read 
Memory command after you have read the identifier. 

Set-Up Erase/Erase Commands— 20H 

Write this command (20H) twice in succession to initi- 
ate erasure. The first write cycle sets up the device for 
erasure. The device starts erasing itself on the second 
command’s rising edge of Write-Enable. Erasure is 
stopped when the CPU issues the Erase Verify com- 
mand or when the device’s integrated stop timer times 
out. Integrated stop timers provide a safety net for 
complex system environments. In these environments, 
s/w timer accuracy may be difficult to achieve. Some 
method of timing is still required, however the timer 
need only meet a minimum specification (10 ms). This 
is far easier than calibrating a timer to meet both a 
minimum and maximum specification (10 ms 
±500 jits). 

NOTE: 

Prior to erasure, it is necessary to program all bytes to 
the same level (data = 00H). See the Quick-Erase™ 
algorithm for more details. 
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Erase Verify Command — AOH 

The erase command erases all bytes of the array in par- 
allel. After each erase operation, all bytes must be veri- 
fied to see if they erased. Write the Erase Verify com- 
mand (AOH) to stop erasure and setup verification. 

Alternatively, you may allow the internal stop timer to 
halt erasure. You must still issue the Erase Verify com- 
mand to set up verification. 

The device latches the address to be verified on the 
falling edge of WE\ and the actual command on the 
rising edge. Wait 6 jul s before reading the data at the 
address specified on the previous write cycle. 

The flash memory applies an internally-generated refer- 
ence voltage to the addressed byte. Reading OFFH from 
the addressed byte in this mode indicates that all bits in 
the byte are erased with sufficient margin to V^c and 
temperature fluctuations. 

If the location is erased, then repeat the Erase Verify 
procedure for the next address location. Write the com- 
mand prior to each byte verification to latch the byte’s 
address. Continue this process for each byte in the ar- 
ray until a byte does not return OFFH data, or the last 
address is accessed. 

In the case where the data read is not OFFH, perform 
another erase operation. (Refer to Set-up Erase/Erase). 
Continue verifying from the address of the last verified 
byte. Once you have accessed the last address, erasure 
is complete and you can proceed to program the device. 
Terminate the erase verify operation by writing another 
valid command (e.g., Program Set-up). 

Set-up Program/Program Commands— 40H 

Write this command (40H) twice in succession to initi- 
ate programming. The first write cycle sets up the de- 
vice for programming. The device latches address and 
data on the falling and rising edges of the second write 
cycle, respectively. It also begins programming on the 
rising edge. You stop the programming operation by 
issuing the Program Verify command, or by allowing 
the integrated program stop timer to time out. This 
timer works similiar to the erase stop timer. Again, a 
minimum specification replaces a tougher minimum/ 
maximum combination (10 jxs-25 juts). 

Program Verify Command— COH 

Flash memory devices program on a byte-by-byte basis. 
After each programming operation, the byte just pro- 
grammed must be verified. Write the Program Verify 
command (COH) to stop programming and set-up veri- 
fication. Should your software allow the integrated stop 
timer to halt programming, the software must resume 
the algorithm with the Program Verify command. The 


device executes this command on the rising edge of 
Write-Enable. The program Verify command stages the 
device for verification of the byte last programmed. No 
new address information is latched. 

The flash memory applies an internally-generated refer- 
ence voltage to the addressed byte. Wait 6 jus for the 
internal voltages to settle before reading the data at the 
address programmed. Reading valid data indicates that 
the byte programmed successfully. 

Command Register Reset— FFH 

Flash memories reset to the read mode during power- 
up, and remain in this mode as long as Vpp is less than 
Vcc + 2V. If your system leaves Vpp turned-on dur- 
ing a system reset , then incorporate a command register 
device reset into the hardware initialization routines. 
This is necessary because the CPU might be controlling 
programming or erasure when the system reset hits. 

Write the reset command (OFFH) twice in succession 
to reset the device. The double write is necessary be- 
cause of the state-machine reprogramming structure. 
For example, suppose the system is reset after a Set-up 
Program command. The flash memory state machine 
expects the next write cycle to contain valid address 
and data for programming, followed by another write 
cycle for program verification. The first Reset com- 
mand will be mistaken for program data but will not 
corrupt the existing data. This is because the command 
(data = OFFH) is a null condition for flash memory 
programming. Only data bits programmed to zero pull 
charge onto the memory cell and change the data. The 
second write cycle actually resets the device to the read 
function. Following the second reset cycle, you can 
write the next command (Read, Program Set-up, Erase 
Set-up, etc.). 

If the Vpp supply is turned off upon system reset, the 
software reset is not required. The flash memory will 
reset itself automatically when Vpp powers down. 

Data Protection on Power Transitions 

The command register architecture offers another bene- 
fit in addition to simplified processor interface — during 
system power-up and power-down it protects data from 
corruption by unstable logic. Erasure or programming 
require Vpp to be greater than V^c + 2 V and the 
proper command sequence to be initiated. For example 
the CPU must write the erase command twice in suc- 
cession. The odds of this occurring randomly are slim. 
Additionally, should Vpp ramp to 12V prior to V^c 
ramping past 2.5V, the device will lock out all spurious 
writes and internally block 12V from the flash memory 
cells. For even greater security, you can switch Vpp as 
discussed in Section 3.13. 


6-210 



AP-316 



2.3 Vpp Specifications 

Flash memories, like EPROMs, require a 12V external- 
ly-generated power supply for reprogramming. Intel’s 
Vpp specifications 12.0V +0.6V (5%) is compatible 
with most off-the-shelf (or available in-system) power 
supplies. (Note, Section 3.1 discusses Vpp generation 
techniques, and Appendix B shows different circuit al- 
ternatives.) 

It is essential to use the specified Vpp when reprogram- 
ming the flash memory device. Once the command to 
erase, program, or verify is issued, the device internally 
derives the required voltages from the Vpp supply. The 
command register controls selection of internal refer- 
ence circuitry tapped off of Vpp. An improper Vpp lev- 
el causes the references to be wrong, degrading the per- 
formance of the part. 

(When programming U.V. EPROMs, Vcc ls raised to 
6.5V. On flash memories, the Vpp reference circuitry 
and command register architecture provide the same 
function while keeping Vcc and Vpp at static levels. 
An incorrect Vcc level during U.V. EPROM program- 
ming poses similar hazards to improper Vpp levels on 
flash memories.) 

The hardware design section discusses various methods 
for generating Vpp. 

3.0 HARDWARE DESIGN FOR ISW 

Covered in this section are the following: 

• Description of ISW-specific functional system 
blocks including memory requirements 

• Vpp generation techniques 

• Communication Considerations 



Figure 3. System Block Diagram 


System Level Hardware Requirements for ISW: 

• processor or controller 

• limited amount EP/ROM or other flash memory 
devices for boot code, communications s/w, and re- 
programming algorithms 


• limited amount of RAM for variable storage (i.e., 
stacks, buffers, and other changing parameters) 

• data import capability (i.e., serial line, LAN, floppy 
disk) 

• flash memory for nonvolatile code or data storage 
needs 

° Vpp generator or regulator 

All of the functional blocks in Figure 3 are typical of 
any embedded or reprogrammable system with the ex- 
ception of the Vpp generator. Some microcontrollers 
have on-chip EP/ROM, RAM and a serial port. With 
these devices, implementation of the ISW capability re- 
quires little additional hardware. 

The next section discusses Vpp generation techniques 
and communications design considerations. 

3.1 Vpp Generation 

A static Vpp is needed to reprogram flash memories. 
The Vpp voltage can be generated by: 

1) regulating it down from a higher voltage; 

2) pumping it up from a lower voltage (i.e., charge 
pump, DC/DC converter, etc.); or 

3) designing or specifying the system’s 12V supply 
with the required ISW tolerances and specifications. 

Sufficient current for reprogramming should be consid- 
ered when selecting your Vpp generation option. Paral- 
lel reprogramming for flash memory in 16-bit or 32-bit 
systems will require, respectively, 2X or 4X additional 
current capability. 

3.1.1 REGULATING DOWN FROM HIGHER 
VOLTAGE 

Vpp is obtained from a higher voltage by using a linear 
regulator. Given the higher voltage, regulation offers 
the least expensive method of generating Vpp. Standard 
three terminal 12V ±1%, ±2%, ±4% non-adjustable 
regulators are available off-the-shelf. Some regulators 
have on/off control built-in. (See Appendix B, Vpp Cir- 
cuit # 1.) All regulators require a minimum input volt- 
age greater than the output voltage. (See Appendix B, 
Vpp Circuit #2 and #3.) 

3.1.2 PUMPING 5V UP TO 12V 

Vpp can be obtained by pumping Vcc an d regulating it 
to the proper voltage. A voltage charge-pump can be 
designed and built by using a charge-pump integrated 
circuit and some discrete components (see Appendix B, 
Vpp Circuit #4) or by using a monolithic DC/DC con- 
verter (see Appendix A, Vpp Circuit #5). 

When using adjustable circuits containing discrete com- 
ponents, design the output voltage so it falls within the 
Vpp specifications for all corners of the components’ 
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skew (i.e., Vcc ± 10%; Rx ± 1%, Ry ± 1%, etc.). In- 
clude the resistors’ temperature coefficients in the cal- 
culation matrix. Note that each of the various compo- 
nents can add error to the Vpp supply. 

The monolithic DC/DC converter shown in Appendix 
B Circuit #5 fits into a 24-pin socket. It offers the 
advantages of close temperature tracking and ease of 
implementation. It has also been characterized at tem- 
peratures and meets all the Vpp specifications. Appen- 
dix C contains a partial list of vendors selling DC/DC 
converters. 

Most DC/DC converters are only 50-60% efficient, so 
heat dissipation may be a concern. Some discrete boost 
circuits such as Appendix B, Circuit #4, offer much 
higher efficiency (70-85%). Circuit #4 as shown can 
supply 200 mA. Smaller inductor and capacitor compo- 
nent values and higher frequency boost convertors can 
be used where less power is required. For example, de- 
signs which reprogram one or two flash memories 
simultaneously might use the LT1172. (Contact Linear 
Technologies for more information.) 

In all Vpp generation methods, a capacitor on the input 
voltage terminals reduces the output noise voltage. 
Some power supplies (Appendix B, Circuits #3 and 
#4) specify a large- valued capacitor to decrease the Ef- 
fective Series Resistance (ESR). Place a 0. 1 jllF capaci- 
tor within 0.25 inches of each flash memory’s Vpp in- 
put (in addition the one on the Vpp generator’s input). 

NOTE: 

The ESR is inversely proportional to the capacitance 
value and the rated working voltage. To lower the 
ESR choose a capacitor with a large capacitance and a 
high working voltage (i.e., above 100V). 

3.1.3 ABSOLUTE DATA PROTECTION— 

Vpp ON/OFF CONTROL 

With Vpp below Vcc + 2V or Vcc below 2.5V, 
internal circuitry disables the command register and 
eliminates the possibility of inadvertent erasure or 
programming. Switching the Vpp supply off pro- 
vides the secondary benefits of improved power and 
thermal management. 

There are two ways to switch Vpp on and off: 

1) directly switch the Vpp generator’s output, or 

2) switch the input voltage supplying the regulation 
circuit. 


the switch into the flash is Ipp = 30 mA. Solving for 
the allowable resistance across the switch: R = V/I = 
(0.12V)/(30 mA) = 4 Ohms. See Figure 4. Example 
Voltage Drop Across Switch. Note, one can reduce the 
effective Rp>s (ON) by placing 2 or more FETs in par- 
allel if necessary. 



Controlling the input voltage of a DC/DC convertor 
with a MOSPOWER FET is another straightforward 
approach. (See Appendix B, Circuit #5.) Choose the 
FET switch carefully. It should have a very low on-re- 
sistance to minimize the voltage divider effect of the 
converter and FET switch. If the voltage across the 
FET switch is too high, the converter will not have the 
proper input voltage to meet its specifications. Always 
design the switching circuit with sufficient margin to 
maximum Vpp and Vcc load currents. 

3.1.4 WRITES AND READS DURING V PP 
TRANSITIONS 

After switching Vpp off, the CPU can read from the 
flash memory without waiting for the capacitors on 
Vpp to bleed off. To do this, write the Read Memory 

command prior to issuing the Vpp OFF instruction. 

Alternatively, the device resets automatically to read 
mode when Vpp drops below Vcc + 2V. 

Raising Vpp to 12V enables the command register. You 
must wait 100 ns after Vpp achieves its steady state 
value before writing to the command register. Remem- 
ber that the steady state Vpp settling time depends on 
both the power supply slew rate and the capacitive load 
on the Vpp bus. 

3.1.5 OTHER V PP CONSIDERATIONS 


Any switching circuit will cause a voltage drop, so 
choose a switch with this drop in mind. Some power 
supplies have asymmetrical tolerances on 12V (i.e. 
+ 5%, —4%). Flash memory allows the 12V supply to 
drop as low as —5%. The 1% difference between the 
supply and the device requirement allows the switch to 
have an ON resistance voltage drop of 0.12V. Continu- 
ing with this example, assume the system only repro- 
grams one flash memory at a time. The current through 


The Vpp pin is an MOS input which can be damaged 
by electrostatic discharge (ESD). In OBP applications, 
an external power source supplies Vpp and then is re- 
moved. Electrostatic charge can build up on the float- 
ing Vpp pin. You can solve this problem by one of two 
means: 1) tie the pin to Vcc through a diode and pull- 
up resistor (Figure 5a) or through a resistor to ground 
(Figure 5b). With either approach use a 10 Kfl or larg- 
er resistor to minimize Vpp power consumption. 
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Vpp Pin o— • — I4-A/VV- 0 Vcc 

C \ R = lOkn w 

l — o Vpp 

292046-7 

a. Vpp Tied to Vqq for OBP 

Vpp Pin o-o o — o Vpp 

b. Vpp Tied to Ground 
Figure 5 

NOTE: 

Typically EPROMs require Vpp to be within one di- 
ode drop of Vcc f° r optimal standby power consump- 
tion. Either approach can be used with the flash mem- 
ory. 

ISW applications do not require this ESD protection as 
most regulators and charge pumps contain a voltage 
divider on the output stage. A divider provides a resis- 
tive path to ground even with the supply turned off. 
(Note: check the schematics of the Vpp supply chosen.) 
However, if you directly switch the Vpp supply, add 
the resistor to ground; the switch isolates the Vpp pin 
and allows charge to build up. 

3.1.6 Vpp CIRCUITRY AND TRACE LAYOUT 

You should lay out Vpp circuitry and traces for high 
frequency operation since programming power charac- 
teristics exhibit an AC current component. Use the fol- 
lowing standard power supply design rules: 

• Keep leads as short as possible and use a single 
ground point or ground plane (a ground plane elimi- 
nates problems). 

• Locate the resistor network (or a regulator) as close 
as possible to the adjustment pin to minimize noise 
pick-up in the feedback loop. The resistor divider 
network should also be as short as possible to mini- 
mize line loss. 

• Keep all high current loops to a minimum length 
using copper connections that are as wide as possi- 
ble. (This will decrease the inductive impedance 
which otherwise causes noise spikes.) 

• Place the voltage regulator as close to the flash 
memory as practical to avoid an output ground 
loop. Excessive lead length results in an error volt- 
age across the distributed line resistance. 

• Separate the input capacitor return from the regula- 
tor load return line. This eliminates an input ground 
loop, which could result in excessive output ripple. 


3.2 Communications — Getting Data to 
and from the Flash Memory 

The flash memory does not care about the origin of the 
data to be programmed. The data could be downloaded 
from a serial link, parallel link, disk drive, or generated 
locally as in data accumulation applications. 

While most systems communicate via serial link, send- 
ing a font to a printer’s flash memory is an example of a 
parallel interface. In either format, designers must de- 
cide whether or not to buffer the incoming data. Error- 
free serial protocols will require buffering for recon- 
struction of information packets. With equal capacity 
of RAM and flash memory in a system, the download 
time would only be limited by the speed of the commu- 
nication link. 

Both worst case and typical analysis must be done for 
real time download and un-buffered programming. The 
maximum transmission rate is 19.2K baud assuming 
worst case programming times. The time between char- 
acters at 19.2K baud is 520 jus; the worst case byte 
programming time is approximately 0.5 ms (including 
software overhead). Typical byte programming takes 
16 /as which allows for much higher unbuffered trans- 
mission rates. However, a single byte can take up to the 
full 400 jlls specified time (plus software overhead), so 
you should not base transmission rate on typical pro- 
gramming times. 

Partial buffering or FIFO schemes can also be imple- 
mented to increase transmission rates. An argument for 
buffering is reduction of interconnect time and costs. 

4.0 SOFTWARE DESIGN FOR ISW 

Covered in this section are the following software re- 
quirements: 

• system integration of ISW 

• reprogramming considerations for single- and multi- 
ple-flash memory based designs. 

4.1 System Integration — Boot Code 
Requirements 

Boot code in remote systems should contain various 
ISW-specific procedures in addition to standard initiali- 
zation and diagnostic routines. 

The most dependable boot code for remote version up- 
dates contains some basic communications capability 
and the ISW reprogramming algorithms. Thus, a data- 
link disruption while reprogramming would be recover- 
able. For manufacturing flexibility, this boot memory 
could be an OBP 256K flash memory. 
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1. Bootstrap, and reset flash memory; 

2. Check “HOST__INT” and “VALID_AP” 
flags: 

If HOST_INT is inactive and VALID_AP 
= 4150H, jump to application start address; 

3. If VALID AP< >4150H, loop and wait 

for host (the link probably went down during 
update); 

4. When “HOST INT” is active, vector to 

host interaction code. 

(See next section.) 



Figure 6. Example of ISW Integration to the Boot Sequence 


An alternative to storing these routines in a separate 
boot device is storing them in the flash memory con- 
taining the program code. Prior to erasure, the CPU 
would transfer the ISW routines to system RAM and 
execute from there. This type of approach is suitable for 
battery-operated equipment or systems with back-up 
power supplies. 

The communication link could be disrupted during re- 
programming, leaving the device in an unknown config- 
uration. Therefore, the boot code should reset the flash 
memory and check two ISW flags. The following sec- 
tion discusses the flag check concept. 

4.1.1 ISW FLAG CHECK 

After resetting the flash memories and initializing other 
system components, the CPU should check the com- 
munications link for a host interrupt. We will call this 

the HOST INT flag. Had the communication link 

gone down prior to completion of downloading, then 
the host would have to re-establish contact to complete 
the task. 

Assuming no HOST INT request has been made, the 

boot protocol then checks a data sequence in the flash 

memory signifying a valid application (VALID AP). 

You program this sequence into the memory array after 
confirmation of a successful download. If a download is 
interrupted midway through erasure or programming, 

then the VALID AP flag locations will not contain 

the VALID AP code. On the next system bootstrap 

the CPU recognizes this and holds up system boot until 
valid code is programmed. In Figure 6 an example flag 

protocol uses the VALID AP sequence of 4150H 

(ASCII codes for “AP”). 

4.2 Communication Protocols and 
Flash Memory ISW 

The remote download communications protocol must 
guarantee accurate transmission of flash memory in- 


structions and program code. This protocol can be as 
simple as a read-back technique or as complex as an 
error-free transmission protocol. (See Figure 7 for pos- 
sible system-level flash memory instructions.) 

A simple read-back technique optimizes download for 
boot code memory needs and ease of implementation. 
The embedded CPU echoes the flash memory instruc- 
tion (i.e., Erase or Program) to the host, and waits for a 
confirmation prior to execution. After programming 
the update, the remote system checks the update by 
transmitting it back to the host for confirmation. The 
remote system then programs the VALID AP se- 

quence. Note that programming and reading back 
64 Kbytes at 19.2K baud takes about 0.57 minutes per 
direction: 

(65,536 bytes) * (10 bits/byte) * (1 sec/19.2 Kbits) * 

(1 min/60 sec) = 0.57 minutes. 

Implementing either software- or hardware-based er- 
ror-free communications protocol improves transmis- 
sion efficiency. It eliminates the possibility of errant 
data being programmed if not buffered and checked, 
and optimizes the download process for transmission 
time. Additionally, file compression and decompression 
routines can improve the transmission rate. 


General ISW instructions include: 

STATUS CHECK 
INITIATE REPROGRAMMING 

MOVE ISW ROUTINES FROM FLASH MEMORY TO RAM 
(If not resident in separate boot memory) 

Data accumulation-specific commands include: 

RETRIEVE DATA 
ERASE FLASH MEMORY 


Figure 7. Sample System-Level 
ISW Instruction Set 
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Status Check 

The host should request a status update from the re- 
mote system prior to sending a reprogramming instruc- 
tion. Depending on the response, the host may break 
the link and reconnect later, or it may send an erasure 
or data-upload command. This type of handshaking is 
necessary when system downtime for reprogramming 
might not be acceptable. An example of this is an auto- 
mated factory where robots handle caustic chemicals. 


NOTE: 

Contact your nearest sales office for details. 

If you prefer to implement the algorithms yourself, they 
are outlined in the device data sheets. Command regis- 
ter instructions required for the various operations are 
included in the data sheet flow charts. 

The following sections describe both single-device and 
multiple-device parallel reprogramming implementa- 
tions. 


4.3 Data Accumulation Software 
Techniques 

Data can be accumulated in a remote environment with 
flash memory and then uploaded to a host computer for 
manipulation. You can adapt various standard data- 
logging techniques for use with flash memory. With 
any technique, you determine the next available memo- 
ry location by reading for erased data (OFFH). This 
address would only be located once on system boot- 
strap and then recalled from RAM and incremented as 
needed. 


4.4.1 Quick-EraseTM Algorithm 

Flash memories chip-erase all bits in the array in paral- 
lel. The erase time depends on the Vpp voltage level 
(1 1.4V- 12.6V), temperature, and number of erase/ 
write cycles on the part. See the device data sheets for 
specific parametric influences on reprogramming times. 

Note that prior to erasing a flash memory device the 
processor must program all locations to 00H. This equal- 
izes the charge on all memory cells insuring uniform and 
reliable erasure. 


Given a repeating data string of known length and 
composition, program start and stop codes at either end 
of the string. Do not pick 00H or OFFH data for these 
codes because they are used during erasure. The start 
and stop codes enable the CPU to differentiate between 
available memory for logging and logged data equal to 
00H or OFFH. 

For non-regular data input, you can address this same 
issue by programming the logged data followed by the 
variable identifier. Again, do not pick 00H or OFFH 
data for the variable identifiers. 

With any technique, the host computer separates and 
manipulates the data after the uploading operation. 


4.4 Reprogramming Routines 

Intel’s ETOX flash memories provide a cost-effective 
updatable, non-volatile code storage medium. The reli- 
ability and operation of the device is based on the use of 
specified erasure and programming algorithms. 

Intel offers reprogramming software drivers to make it 
easy for you to design and implement flash memory 
applications. The software is designed around the CPU- 
family architectures and requires minimal modification 
to define your system parameters. For example, you 
supply the memory width (8-bit, 16-bit, or 32-bit), sys- 
tem timing, and a subroutine for control of Vpp. 


Algorithm Timing Delays 


The Quick-Erase algorithm has three different time de- 
lays: 


1) The first is an assumed delay when Vpp first turns 
on. The capacitors on the Vpp bus cause an RC 
ramp. After switching on Vpp, the delay required is 
proportional to the number of flash memory devices 
times 0. 1 /xF/device. Vpp must reach its final value 
100 ns before the CPU writes to the command regis- 
ter. Systems that hardwire Vpp to the device can 
eliminate this delay. 

2) The second delay is the “Time Out TEW” function, 
where TEW is the erase timing width. The function 
occurs after writing the erase command (the second 
time) and before writing the erase-verify command. 
The erase-verify command or the integrated stop 
timer internally stops erasure. 



TEW for ETOX II flash memories is a minimum of 
10 ms. This delay can be either software or hard- 
ware controlled. Either way, the minimum nature of 
the timing specification allows for interrupt-driven 
timeout routines. Should the interrupt latency be 
longer than the minimum delay specification, the 
stop timer halts erasure. 


3) The third delay in the erase algorithm is a 6 juls time 
out between writing the erase verify command and 
reading for OFFH. During this delay, the internal 
voltages of the memory array are changing from the 
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erase levels to the verify levels. A read attempt prior 
to waiting 6 juts will give false data — it will appear 
that the chip does not erase. Repeatedly trying to 
erase verify the device without waiting 6 juts will 
cause over-erasure. This delay is short enough that 
it is best handled with software timing. Again, note 
that the delay specification is a minimum. 

High Performance Parallel Device Erasure 

In applications containing more than one flash memo- 
ry, you can erase each device serially or you can reduce 
total erase time by implementing a parallel erase algo- 
rithm. 7 You save time by erasing all devices at the same 
time. However, since flash memories may erase at dif- 
ferent rates, you must verify each device separately. 
This can be done in a word-wise fashion with the com- 
mand register Reset command and a special masking 
algorithm. 

Take for example the case of two-device (parallel) era- 
sure. The CPU first writes the data word erase com- 
mand 2020h twice in succession. This starts erasure. 
After 10 ms, the CPU writes the data word verify com- 
mand AOAOh to stop erasure and setup erase verifica- 


tion. If both bytes are erased at the given address, then 
the CPU increments the address (by 2) and then writes 
the verify command AOAOh again. If neither byte is 
erased, then the CPU issues the erase sequence again 
without incrementing the address. 

Suppose at the given address only the low byte verifies 
FFh data? Could the whole chip be erased? The answer 
is yes. Rather than check the rest of the low byte ad- 
dresses independently of the high byte, simply use the 
reset command to mask the low byte from erasure and 
erase verification on the next erase loop. In this exam- 
ple the erase command would be 20FFh and the verify 
command would be AOFFh. Once the high byte verifies 
at that address, the CPU modifies the command back 
to the default 2020h and AOAOh, increments the ad- 
dress by 2, and writes the verify command to the next 
address. 

See Figure 8 for a conceptual view of the parallel erase 
flow chart and Appendix D for the detailed version. 
These flow charts are for 16-bit systems and can be 
expanded for 32-bit designs. 


RAISE V pp 

PROGRAM ALL DEVICES TO OOh 
RESET ALL VARIABLES 

ISSUE ERASE COMMAND 

TIME OUT 

VERIFY COMMAND 

BOTH DEVICES ERASED MASK* 

HI-OR LO-BYTE 

y COMMANDS 

— — LAST ADDRESS LAST PULSE 

|y l Y 

DONE ERROR 

♦ YOU MASK THE DEVICE BY SUBSTITUTING A RESET COMMAND 
FOR THE ERASE & VERIFY COMMANDS. THAT WAY THE 
ERASED BYTE IDLES THROUGH THE NEXT ERASE LOOP. 

292046-28 

Figure 8. High Performance Parallel Erasure (Conceptual Overview) 


7. Parallel Erasure and Programming require appropriate choice of Vpp supply to support the increased power consumption. 
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4.4.2 Quick-Pulse ProgrammingTM Algorithm 

Flash memories program with a modified version of the 
Quick-Pulse Programming algorithm used for U.V. 
EPROMs. It is an optimized closed-loop flow consist- 
ing of 10 p,s program pulses followed by byte verifica- 
tion. Most bytes verify after the first pulse, although 
some may require more passes through the pulse/verify 
loop. As with U.V. EPROMs, this algorithm guaran- 
tees a minimum of ten years data retention. See the 


algorithm. 


Algorithm i iming Delays 

The Quick-Pulse Programming algorithm has three dif- 
ferent time delays: 

• The first and third — Vpp set-up and verify set-up 
delays — are the same as discussed in the erasure sec- 
tion. In this case the third delay is for the transition 
between writing the Program Verify command and 
reading for valid data. 


• The second delay is the “Time Out 10 jus’’ function, 
which occurs after writing the data and before writ- 
ing the program-verify command. This write com- 
mand internally stops programming. The section en- 
titled “Pulse Width Timing Techniques” gives 86- 
family assembly code for generating a 10 jus timer 
routine. 

High Performance Parallel Device Programming 

Software for word- or doubie-word programming can 
be written in two different manners. The first method 
offers simplicity of design and minimizes software over- 
head by using a byte programming routine on each de- 
vice independently. Here you increment the address by 
2 or 4 when addressing 1 of 2 or 4 devices, respectively. 
The second method offers higher performance by pro- 
gramming the word or double-word data in parallel. 
This method manipulates the command register in- 
structions for independent byte control. See Figure 9 
for conceptual 2-device parallel programming flow 
chart and Appendix E for the detailed version. 


Raise Vpp 

Get Address/Data Word 
-► Reset Command and 
Counter Variables 
Program Data « — 
Word 


Time Out 10 jxs 


Stop Programming with 
Program Verify command 


N Mask Hi or Lo Byte 
Data Word Programmed?— ►Increment Pulse Counter 

[ Last Pulse? N 
v 

More Data? 


Write Read command Write Read command 
Lower Vpp Lower Vpp 

Programming Complete Program Error 

292046-11 


*You mask the device by substituting a Reset command for the Program and Verify commands. That way, the pro- 
grammed bytes do not get further programmed on subsequent pulses. 


Figure 9. Parallel Programming Flow Chart (Conceptual Overview) 
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NOTE: 

Word or double-word programming assumes 2 or 4 
8-bit flash memory devices. 


LOOP instruction takes 16 clock cycles to execute per 
pass. It decrements the CX register on each pass and 
jumps to the specified operand until CX equals zero. 


Parallel Programming Algorithm Summary: 

• Decreases programming time by programming 2 
flash memories (16 bits) in parallel. The algorithm 
can be expanded for 32-bit systems. 

• Eliminates tracking of high/low byte addresses and 
respective number of program pulses by directing 
the CPU to write data-words (16-bit) to the com- 
mand register. 

• Maintains word write and word read operations. 
Should a byte on one device program prior to a byte 
on the other, the CPU continues to write word-com- 
mands to both devices. However, it deselects the 
verified byte with software commands. An alterna- 
tive is to independently program high and low bytes 
using hardware select capability. 

4.4.3 Pulse Width Timing Techniques 

Software or hardware methods can be used to generate 
the timing required for erasure and programming. With 
either method you should use an in-circuit emulator 
(ICETM) and an oscilloscope to verify proper timing. 
Also remove the flash memory device from the system 
during initial algorithm testing. 

Software Methods and Examples 

Software loops are easily constructed using a number of 
techniques. Timing loops need to be done in assembly 
language so that the number of clock cycles can be 
obtained from the instructions. 

In order to calculate a delay loop three things are need- 
ed — 

1) processor clock speed, 

2) clock cycles per instruction, and 

3) the duration of the delay loop. 

As an example, the 80C186 divides the input clock by 

2. With a 20 MHz input clock the processor’s internal 
clock runs at 10 MHz. This translates to a 100 ns cycle 
time. Delays can be made, by loading the CX register 
with a count and using the LOOP instruction. The 


When writing a delay loop consider all instructions be- 
tween the start and end of the delay. If a macro is 
written that delays 10 /ms, add the clock cycles for all 
instructions in the macro. 

Here is an example of a 10 jus delay and the calculation 
of the constant required for a 10 MHz 80C186. 


WAIT 10 jus: 

push cx 

mov cx, DELAY 
loop $ 
pop cx 

1. Start to End =10 jus/cycle time 

= 10 jus/100 ns 
= 100 cycles 

2. Loop Instruction = 100-24 cycles 

= 76 cycles 

3. Loop Cycles =76 

= (15 X [DELAY -1] + 5) 

4. Solving for DELAY = 6 


Hardware Methods 

Using an Internal Timer — 

Many microcontrollers and some microprocessors have 
on-chip timers. At higher input clock speeds these in- 
ternal timers have a resolution of 1 jus or better. The 
timers are loaded with a count and then enabled. The 
timer starts counting and when it reaches the terminal 
count a bit is set. The CPU executes a polling algorithm 
that checks the timer status. Alternatively, a timer-con- 
trolled interrupt can be used. After the timer has been 
set and the interrupt enabled, the CPU can be pro- 
grammed to wait in idle mode or it could continue exe- 
cuting until the timed interrupt. 


;10 clock cycles 
;4 clock cycles 
;see calculation 
;10 clock cycles 
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One thing to take into account when using interrupts is 
the time required for the CPU to recognize and inter- 
rupt request (interrupt latency). This is important when 
figuring the timer value, because the time seen by the 
part will be the programmed delay plus the minmum 
interrupt latency time. 

The 80C186 has three 16-bit timers on-chip. Timer #2 
can be a prescaler for the other two timers, which ex- 
tends timers #0 and #1 range out to 2 A 32. By using 

^ 1 n • • r. nnlrAr onrl 1 O me nillooc notl Ka AOClItJ 

LVYU O, XV/ unu "j 

achieved. 

Using an External Timer — 

External timers can take many forms. One popular ex- 
ample is the 82C54 (CHMOS Programmable Interval 
Timer) which has three 16-bit timers on-chip. One tim- 
er can be used as a prescaler for the others so that a 
count of 2 A 32 can be achieved as with the 80C1 86 inter- 
nal timers. 


5.0 SYSTEM DESIGN EXAMPLE: 
AN 80C186 DESIGN 




Initialize H/W, Comm, 


Boot 

flash memory algo’s, etc. 

UCS 


FC000H 



Version update code, 


Application 

Data Accumulation storage, 



etc. 

MO SO 


40000H 


RAM 

Vector table, Stack, 



Buffers, etc. 

LCS 


0000 


Figure 10. 80C186 Memory Map 


The permanent code was placed in an EPROM in the 
UCS memory segment; this code includes routines for 
hardware initialization, communications, data upload- 
ing and downloading, erasure and programming algo- 
rithms, I/O drivers, ASCII to binary conversion tables, 
etc. This would be useful for systems reconfigured for 
different communication protocols as the last step prior 
to shipment. 


A general purpose controller and/or data acquisition 
system was built to demonstrate 86-based ISW. The 
80C186 CPU drives the system, which contains 
16 Kbytes of EPROM (two 27C64’s), 64 Kbytes of 
flash memory (two 28F256’s), 64 Kbytes of SRAM 
(two 32K x 8’s) three 8-bit ports (82C55A), one serial 
port (82510), and a 5V to 12.0V DC/DC converter. 
Three 74HC573’s demultiplex the address/data bus 
and latch the byte high enable line (BHE) and the 
status lines (if needed). Two data transceivers 
(74HC245) simulate the worst case data path for a sys- 
tem requiring added drive capability. If the transceivers 
are not needed they can be replaced with wired headers. 
See Appendix F for detailed schematics parts list, and 
changes for the 28F512 or 28F010. 

The 80C186 reset (output) drives the reset input on the 
82510, 82C55A, and the OE\ inputs on the address 
latches and data transceivers. The reset line goes inac- 
tive 5 clock cycles before the first code fetch. Also, the 
CPU’s write signal is split into byte-write-high and 
byte-write-low to allow for byte or word writes. 

The 80C186 has on-chip memory and peripheral chip 
selects. Two of the memory chip selects are dedicated. 
One is the Upper Chip Select (UCS, dedicated for the 
boot area) and the second is the Lower Chip Select 
(LCS, for the interrupt vector table area). See the mem- 
ory map in Figure 10. 


Code and constants that might change are placed in the 
64 Kbytes of flash memory. Application examples in- 
clude operating systems, code for rapidly advancing 
biomedical technologies such as blood test software, en- 
gine-control code and parameters, character fonts for 
printers, postage rates, etc. The RAM is used for the 
interrupt table, stack, variable data storage, and buff- 
ers. 


The three 8-bit ports on the 82C55A peripheral con- 
troller can be used for control and/or data acquisition. 
It powers-up with all port pins high. Similarly, all port 
pins go high after warm resets as well. Because the pins 
are high after a power-up/reset, an open collector in- 
vertor was used to control the MOSPOWER switch 
which in turn controls Vpp. You must drive the FET 
switch to one rail or the other to guarantee its low on- 
resistance. Vpp is turned off during power-up or reset 
as a hardware write protection solution. The DC/DC 
converter supplies Vpp. 



The 82510 is a flexible single channel CHMOS UART 
offering high integration. The device off-loads the sys- 
tem and CPU of many tasks associated with asynchro- 
nous serial communications. 
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The part can be used as a basic serial port for the host 
serial link, or can be configured to support high speed 
modem applications. For more information on the 
82510 see the 82510 data sheet and AP-401 “Designing 
with the 82510 Asynchronous Serial Controller”. 

Software was written to download code and data pa- 
rameters (code updates) from a PC to the demo board 
through the PC’s COM1 port (serial port). The system 
also can upload data (remote data acquisition) to the 
PC via the same link. 

Once the download code and data has been pro- 
grammed it can not be lost, even if power should fail. 
This is because Intel’s ETOX flash memory technology 
is based on EPROM technology and does not need 
power to retain data. 

The end result: rugged, solid state, low power nonvola- 
tile storage. 


6.0 SUMMARY 

Intel’s flash memories offer designers cost-effective al- 
ternatives for remote version updates or for reliable 
data accumulation in the field or factory. Designers will 
also benefit from time savings in any kind of code de- 
velopment — no 15 minute waits for U.V. EPROM era- 
sure. 

This application note covers the basics o)f in-system 
writing to flash memories and can be used as a check 
list for systems other than the 80C186 design shown. 
The basic concepts remain the same: a CPU controls 
the reprogramming operations; a 12V supply must be 
applied to the flash memory for erasure and program- 
ming; and a communications link connects the host to 
the remote system and supplies the code to be pro- 
grammed. 
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ON-BOARD PROGRAMMING DESIGN 
CONSIDERATIONS 


6 


6-221 


AP-316 


inteT 


INTRODUCTION 

On-board programming 1 (OBP) with Intel’s flash 
memory provides designers with cost reduction capabil- 
ities for alterable code storage designs. When used in 
conjunction with on-board programming, flash memo- 
ry presents opportunities for savings in two areas: 
greater testability in the factory, which translates to 
improved outgoing quality and reduced return rate; and 
quicker, more reliable field updates, which translates to 
decreased product support cost. 


This appendix: 

• outlines the design considerations associated with 
on-board programming, and the improvements af- 
forded by Intel’s flash memory; 

• offers guidelines for converting current 64K 
EPROM OBP designs; 

• designs an 8-bit system for on-board programming; 

• suggests some 16-bit flash design considerations; 
and offers information on OBP equipment and ven- 
dors. 


1. With on-board programming, non-volatile memory is programmed while socketed or soldered on the application board, 
rather than before hand as a discrete component. This programming method is also called in-module or in-circuit program- 
ming, and has been practiced by some major corporations since 1981. See sidebar on following pages for more information 
on U.V. EPROM OBP usage. 


HOST APPLICATION BOARD-PROGRAMMER 

(Printer Shown Here) 


< — > 


292046-29 

On-Board Programming Manufacturing Example — A printer is customized via OBP for international markets: 
1. printer assembly completed, diagnostics code programmed and tested, and unit stored in inventory; 2. order 
arrives for printer with foreign language font; 3. diagnostics code flash-erased, and desired font programmed; 4. 
printer ships to customer. 




INTEL’S FLASH MEMORY— DESIGNED 
TO MEET YOUR OBP NEEDS 

Intel’s flash memory simplifies OBP code updates by 
offering designers the command register architecture. 
As described in section 2.2, this architecture offers the 
full reliability of EPROM off-board programming 
without the hassles of elevating Vcc* 


5 Volt Vcc Erasure and Programming 
Verification 

Unlike EPROM OBP, flash memory enables Vcc to 
remain at 5.0V throughout all operations. Internal cir- 
cuitry derives the erasure and programming verification 
levels from the voltage on Vpp rather than from Vcc. 
These verify modes enable use of a single Vcc bus for 
the entire board, as opposed to the two buses needed for 
U.V. EPROM OBP. (See sidebar entitled EPROM 
OBP). 


■ EPROM OBP 

EPROM OBP has been a proven manufacturing technique since 1981. Ingenuity and clever circuit design have 
enabled manufacturers to overcome the hurdles associated with OBP and enjoy the benefits. 

In many cases, Intel’s flash memory simplifies today’s solutions and offers new capabilities to advance the state of 
OBP technology. The following paragraphs outline the hurdles and a few of the solutions in use today. 

EPROMs require program verification at an elevated Vcc to insure long-term data retention. PROM program- 
mers easily accommodate this requirement, and it is generally invisible to the end-user. 
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REPLACING CURRENT EPROM OBP 
DESIGNS WITH FLASH MEMORY 


programming control and access. The PGM and WE 
lines can be common if the board programmer can give 
the appropriate timings to either type of device. 


Hardware Considerations 

A slight hardware modification is required to adapt 
most of the current EPROM OBP designs for use with 
Intel’s flash memory. Simply convert the EPROM 
memory sites from 28 to 32 pins. All other board-de- 
sign cirteria used for EPROM OBP apply to flash 
memory as well. (For discussions of these criteria see 
section entitled New OBP Designs). 


Software Considerations 

Manufacturers who program EPROMs on-board today 
will need new board-programmer software to take ad- 
vantage of flash memory’s feature set, specifically soft- 
ware for the Quick-EraseTM and Quick-Pulse Program- 
ming r*i algorithms. 


Sta ndard EPROM OBP requires the board designer to 
bus PGM to the edge connector. With flash memories’ 
command register architecture, this same trace enables 
electrical erasure and pr ogram ming, only now t he li ne 
is called Write Enable (WE). The timing for WE is 
similar to that of read accesses, although that is han- 
dled via software changes. 

Another potential hardware change is on the board 
programmer side of the design -the Vpp supply. Many 
EPROMs program with 12.5-13.OV Vpp supplies. In- 
tel’s ETOX II flash memory requires 11.4-12.6V Vpp. 
This change should not be an issue since the Vpp sup- 
ply on many board programmers is programmable. 

Mixed memory systems containing both conventional 
U.V. EPROM and flash memories require special con- 
sideration. This type of memory design requires separa- 
tion of the Chip Enable (CE) control lines between the 
EPROM and flash devices to allow for independent re- 


Benefits of Converting Your EPROM OBP 
Design to Flash 

The most pressing reason to convert from a standard 
EPROM to flash memory is the total cost savings. To 
appreciate this, you must consider your way of doing 
business at the board and system levels — from the fac- 
tory to installation and repair in the field. In the facto- 
ry, boards can be tested with a diagnostics program in 
the flash memory and then erased and reconfigured for 
shipment in the same step. Improved testing will de- 
crease the probability of field failures and costly cus- 
tomer returns. Simplified test and rework methods will 
decrease your inventory holding costs. Also, if in the 
process of converting to flash memory you include the 
ability to OBP via a cable-connector, service calls for 
code updates will be quicker, more reliable, and cost 
less money. Your serviceman would simply connect the 
programming equipment to the system without disman- 
tling it to remove the EPROMs. (See section entitled 
The System/Board-Programmer H/W Connection for 
details.) 


EPROM OBP (cont’d) 

With OBP, the EPROM board-programmer handles the elevated- V(x requirement easily as well* However, 
when Vcc » greater than 5V, logic devices populating the same board may draw excessive current and not 
operate predictably* 

One solution to this issue involves running separate Vqc traces to the board's edge connector — one for EPROM 
programming, and one for powering up the rest of the board* 

A second consideration when designing for EPROM OBP has been accessing manufacturer and device codes* 

The identifier mode requires forcing A9 to 12V* This translates to adding extra isolation, which implies the 
increased costs of buffers and extra board space* 
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NEW OBP DESIGNS 

Design Considerations 

As with EPROM in-circuit programming, flash memo- 
ry board programming requires the use of a board-pro- 
grammer. Unlike U.V. erasure for standard EPROM 
OBP, electrical erasure enables flash memory OBP 
without removing the board from the system. 

We will look at designing a board that is to remain pow- 
ered-up in the system during erasure and reprogram- 
ming. The key concept is to design the board in such a 
way that the programmer can take control of the system 
during code updates. The implementation of such a de- 
sign is straightforward, easy, and suited to automated 
production assembly. 

Taking Control 

The board-programmer needs to take control of the 
system’s address bus, data bus, control lines, etc. to 
update the code without damaging the system. (See 
Figure 2. System to Board-Programmer Interface.) 
Taking control simply means isolating the rest of the 
system from these lines. 

Various methods of isolating the memory from the sys- 
tem include using tristate buffers, latches, or even the 
capabilities designed into microprocessors (jaP) and mi- 
crocontrollers (julC). For example, Intel’s 86-based juP 
family has HLD/HLDA signals that were set-up for 
multiprocessor system designs where bus control is a 
major concern. The HLD signal, when acknowledged, 
tristates the address, data, and control lines. Although 
not designed for multiprocessor environments, Intel’s 
MCS®-51 and MCS-96 microcontroller families have 
Reset capabilities to help simplify this same task. 


One issue to be aware of when using a CPU’s reset 
control function is that it may switch from the reset to 
active condition at a non-standard logic level. This only 
presents a problem if the address/data buffer takes 
longer to activate than the CPU, and the CPU attempts 
to fetch code from a memory device isolated from it. 

One approach to insure successful programming take- 
over (i.e. without bus contention) is to have the board- 
programmer’s lines in a high impedance state during 
connection to the system. Once connection to the sys- 
tem has been secured, the serviceman could hit a button 
on the board-programmer to start the system takeover 
procedure. Then when total control has been estab- 
lished, the programmer would commence with erasure 
and reprogramming. 

Aside from the flash device ’s isolation from the sy stem, 
various CPU control lines (MEMRD, WE, PSEN, etc.) 
may need isolation as well. If active during Reset, these 
lines may put the CPU. into an unspecified state. When 
designing a board for OBP, check the jmC/juP data 
sheets carefully for any special reset conditions. 

Printed Circuit Board Guidelines for 
Vcc and Vpp 

Programming conventional EPROM and flash memo- 
ries takes 30 mA of current on Vcc and Vpp, due to 
the nature of hot-electron injection. Most of the charge 
transfers to the memory cell’s floating gate in a short 
current spike during the first pulse. You should design 
both the Vcc an d Vpp traces with A.C. current spikes 
in mind. Wherever possible, limit the inductance by 
widening the two traces. Bypass capacitors (0.1 juF) 
should be placed as close as possible to the memory 
device’s Vcc and GND pins, as well as the devices Vpp 
and GND pins. The capacitor on Vcc decreases the 
power supply droop. The capacitor on Vpp supplies 
added charge, and filters and protects the memory from 
high frequency over-voltage spikes 2 . 


2. For a complete discussion of electrical noise, grounds, power supply distribution and decoupling see Ap-74 — High Speed 
Memory System Design Using the 2147H, and AP-125 — Designing Microcontroller Systems for Electrically Noisy Environ- 
ments. 


EPROM OBP (cont’d) 

Some use rs of OBP get around this issue by programming all EPROMs with a common algorithm. However, this 
practice compromises the device's reliability, and should not be done. 

A better solution than ignoring the identifier is to choose a qualified EPROM vendor and program with its 
algorithm only. 

One subtle concern with EPROM OBP that designers often overlook is U.V. board erasure. 

— > U.V. EPROM board erasure requires removal of the board from its host system. This incurs the hidden 
costs of labor, lower yields due to handling, and the reliability risks of dismantling a system. Flash memory 
decreases these costs by enabling a greater degree of factory automation, and increases the flexibility afforded by 
; OBP, ; 
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SYSTEM CARD 

<- 


Address Bus for 
Chip Enables 
and Flash Memory 
Address Inputs 


BOARD-PROGRAMMER 

-> 


High Order Address 
Line for Memory 
Select 


Device Address 

I in««; 


Data Bus for 
Input/Output 


Sys. Interface 
Control Lines 


CE - Decoder Enable Line 
OE - Read Control Line 
WE - Erase/Program Lines 
Vpp - Programming Power 

GND 


During normal system read operation, all interface traces are left open-circuited. Some of the lines have pull-downs or 
weak pull-ups to insure proper device operation. 

Figure 2. System to Board-Programmer Interface 


EPROM OBP (cont’d) 

— ► Special U.V. board erasers must be purchased, at significant costs and with limited throughput, A low-end 
U.V. bulb costs $75-$ 100 each. A U.V. board eraser system could cost upwards of $10,000, with recurring costs 
of light bulbs and energy. Thus, the cost of U.V. erasure is often under-estimated. 

Although portable board programmers are commercially available, U.V. lights by nature are not very 
rugged, and are not suited for out-of-factory code updates. This complicates Held service. 

Erasure can be easily controlled in a lab environment; however, it is not as clear on the manufacturing floor 
which label to remove for U.V. erasure, because parts other than EPROMs have windows (ie, EPLD’s, micro- 
controllers with embedded EPROM memory, etc.) 


6 
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The System/Board-Programmer Hardware 
Connection 

In most U.V. EPROM OBP applications, designers use 
the board’s edge-connector as the programmer inter- 
face. This approach is the lowest cost solution for stan- 
dard EPROM technology because U.V. erasable devic- 
es require system disassembly for erasure anyway. ’With 
flash memory, you can eliminate the system disman- 
tling and capitalize on the erase feature by adding a 
cable connector to the board for reprogramming pur- 
poses. The connector should extend from the board 
through the system’s chassis, and should be easy to 
reach by a serviceman. 

Various types of cables exist on the market that could 
be used to connect programming equipment to the sys- 
tem. The key design consideration when choosing the 
type of cable is elimination of all transient noise that 
would interfere with the programming or erasure pro- 
cess. 

Three types of noise interference and methods to dimin- 
ish the noise are as follows: 

1. line to line cross-talk (due to board-programmer’s 
drivers that drive sharp step functions on adjacent 
address lines); solved with either ribbon cables, hav- 
ing alternate lines grounded, or with braided twisted- 
pairs that have a ground line for each active signal; 

2. programmer line-driver-to-board impedance mis- 
matches leading to transmission line effects of signal 
reflection, and interference; solved by limiting cable 
length, decreasing programmer switching speed (or 
allowing longer settling time between address 
switches) or by using matched line drivers on the 
programmer and high impedance buffers on the 
board end, or by using series termination resistors on 
the driving end of the cable (i.e. — board-programmer 
end, with the exception of the bi-directional data bus 
which needs series resistors at both ends); 

3. rf pick-up in electrically noisy environments; use ei- 
ther shielded cable such as coax, ribbon cable with 
solid copper ground plane, or a new type that has 
recently become available called Flex cable. 

Braided twisted-pair cables when kept under three feet 
in length generally reduce cross-talk to acceptable lev- 
els. This type of cable offers the most cost-effective so- 
lution which works well in most applications. Depend- 
ing on the environment, the programmer and your de- 
sign, you may need a combination of solutions, such as 
braided twisted-pairs with series termination. 


At first all of these alternatives may seem expensive or 
superfluous, but keep in mind that the cost of a single 
cable and programmer gets amortized over the total 
number of systems programmed. 


AN 8-BIT BUS DESIGN EXAMPLE 

An example of an in-circuit reprogrammable controller 
board is an 80C31, two 28F256’s and some glue chips. 
(See Figure 3. for a system block diagram. See Appen- 
dix A. for a detailed system schematic.) 3 The important 
issues for erasure and reprogramming are as follows: 

1. the board-programmer must have uncontested access 
and control of the flash memory array; and 

2. the microcontroller must be reset (un-active) during 
the erasure and programming cycles. 


SYSTEM DESIGN 

Bus Control Circuitry 

The 80C3 1 has an active-high reset pin, which tristates 
the address and data bases. Route this line (RESET) to 
the programming connector. Tie the OE pins on the 
low-order address latch (74HCT573), and the PSEN 
buffer-enable (74HCT125) 4 together, and route that 
line MEMWR 5 to another pin on the programmer-in- 
terface connector. 

During normal system operations when the /xC reads 
program code from the 28F256 devices, th e pull-d own 
on MEMWR keeps the address latches and PSEN buff- 
er active. During flash memory OBP, the board-pro- 
grammer drives MEMWR active-high, which d isables 
these outputs, and isolates the address bus and PSEN 
from the programming signals. 

The board-programmer must independently control the 
RESET and MEMWR traces because they disable at 
different Vjl values (2.5V for RESET vs 0.8V for 
MEMWR). If controlled by the same 5V supply, on 
power-up or after a reset condition the jllC would try to 
execute code while still isolated from its c ode so urce — 
specifically before the address latches and PSEN buffer 
activate. 

Address Decode Circuitry 

This design shows two 28F256 flash memories. Systems 
with more than one memory device typically decode 
the CPU’s high-order address to select a particular de- 
vice. 


3. Note that the flow-through latch on the data bus is not needed with the 80C31, but is drawn as an example for CPU’s that 

can not tristate their data bus. 

4. T he isol ation buffer is required on PSEN in this design because the 80C31 goe s into unspecified states when the Reset 
and PSEN lines are active simultaneousl y. To a void any possible problems, buffer PSEN. 

5. MEMWR = > bus isolation control of PSEN and the data bus. 
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This is accomplished as illustrated. When A15 is low, 
the lower 32K bytes are selected. The output of the 
inverter drives the other 28F256’s chip enable. This 
type of memory architecture promotes power savings 
by disabling all memories but the one being addressed. 

To accomplish this two-line memory control architec- 
ture, route the inverter’s input A15 to the 80C31 and to 
the programmer interface connector. 8 The board-pro- 
grammer^ contro ls the inv erter’s output enable with 
MEMEN. 9 The MEMEN line performs the function 
normally performed by CE in comp onent prog ram- 
ming. When driven to a logic “1” level MEMEN pulls 
the inverter’s output high. This deselects all memory 
devices controlled by that I.C. During normal rea d and 
standby operations, the pull-down on MEMEN keeps 
the decoder enabled. 

Erasure and Programming Control Circuitry 

In this design, Vpp and WE are active only during re- 
programming. At othe r tim es, the two inputs would be 
inactive. Simply tie the WE line to V<^c through a pull- 
up resistor. The pull-up limits the current to the b oard 
programmer during reprogramming. (Recall that WE 
is active low.) Flash memories allow Vpp to be at 12V, 
Vcc or ground for read operations. This design ties 
Vpp to Vcc through a diode and resistor to allow for 
EPROM OBP compatibility. If this option is not re- 
quired, simply tie Vpp to ground through a current- 
limiting pull-down resistor. 

Returning Control to the Host System 

The board-programmer should return system-control 
to the host processor in an organized manner. First it 
should lower Vpp from 12V to 5V, or ground. Then the 
board programmer should place its address and data 


buses into a high impedance state. Next PS2, which 
con trols M EMWR should be tristated thus disabling 
the PSEN/Address latch isolation. Finally the board- 
programmer should switch PS1, which drives the RE- 
SET line to reactivate the jjlC. This sequence guaran- 
tees that the fxC will begin operation at a known pro- 
gram code location. 

16-BIT BUS DESIGN 
CONSIDERATIONS 

An example of an On-Board programmable 16-bit sys- 
tem board would be an 80C186 microprocessor, two 
28F010 flash memories, RAM, and some glue chips. 
The basic hardware design considerations would be the 
same as those in the previously discussed 8-bit bus ex- 
ample. 

There are a few issues with 16-bit designs that do not 
arise in 8 -bit designs. For the programmer to take con- 
trol of the system, it must tristate and reset the juP as 
well as tristate the bus buffers and latches. The HOLD 
and RESET lines of Intel’s 86-based family of micro- 
processors have been designed with bus isolation in 
mind for use in multiprocessor systems. 

The designer has two options for erasing and program- 
ming the high and low bytes of the flash memory array 
independently. 

1) The designer can route two WE lines to the pro- 
gram mer connector — BYTE HIGH WE and BYTE 
LOW WE. 

2) The reprogramming software can follow the masking 
procedur e sho wn in section 4.4. This method allows a 
common WE line for the high and low bytes. 


8. Note the lack of isolation buffers between the 80C31’s high order addresses (Port 2) and the board-programmer interface, 
compared to the latch separating the low order addresses (Port 0) and the interface. In this design example, we make use of 
the 80C31’s ability to tristate these ports, so no isolation is needed for any of the addresses. The latch on Port 0 is for the 
time-multiplexed address/data architecture of this microcontroller, and not specifically for isolation. 

9. MEMEN = memory enable, active low. 
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Figure 4. Detailed 8-Bit Bus Design Schematic 
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OBP EQUIPMENT AND VENDORS 

If you are considering OBP for your next design, and 
have not used on-board programming before, you will 
need to choose a board-programmer vendor. Various 
suppliers offer OBP systems; therefore, it is well worth 
it to send out requests for programming support bids. If 
your production volume justifies the purchase of more 
than one board-programmer, you may want to negoti- 
ate a non-recurring engineering charge for development 
cost, followed by variable costs for additional units. 

Most vendors offer a variety of basic systems, designed 
to easily adapt to your needs. Systems can be purchased 
that program either single boards serially, or a number 
of boards in parallel. Light-weight OBP equipment de- 
signed for field reprogramming can also be obtained 
from some of the vendors. 

Most companies will work directly with you at the be- 
ginning of your design phase to ensure OBP compati- 
bility. If your design is beyond the definition stage, the 
programmer manufacturer will request a copy of your 
schematics or block diagrams under non-disclosure. 
The vendor has an OBP design specialist that will 
check the design for OBP compatibility. Any potential 
problems will be located and corrected at this early 
stage. 

Every board’s architecture is different (i.e., based on 
different central processing units (CPU), decoding 
schemes, buffering methodologies, interface connectors, 
and types and densities of memories). Vendors write 
custom software modules for each application. Also, 
the vendor or the board designer typically builds an 
interface jig to connect the board’s edge connector to 
the programmer. This choice is often left as a decision 
for the designer. 


Partial List* of Companies Selling 
Board-Programmers 

Following are a few of the companies who offer on- 
board programming solutions today: 

Data I/O Corp. 

Digelec 

Elan Digital Systems 

Oliver Advanced Engineering, Inc. 

Stag Microsystems, Inc. 

*This list is intended for example only, and in no way 
represents all companies that support on-board pro- 
gramming. Intel Corporation assumes no responsibili- 
ty for circuity other than circuitry embodied in an In- 
tel product. No other circuit patent licenses are im- 
plied. 


SUMMARY 

• On-board programming (OBP) has been around 
since 1981. 

• Designing a board for OBP can be easily done by 
working with a board-programmer vendor’s OBP- 
design-specialist during the initial design phase. 

• In-circuit alterable code storage can be easily imple- 
mented by using flash memory and it’s features. 

• Time and money savings can be realized in a num- 
ber of ways by taking advantage of flash memory 
OBP: 

<> Decreased board costs and improved reliability 
from elimination of EPROM sockets; 

<> Decreased manufacturing costs from elimination 
of board eraser depreciation costs, recurring U. V. 
light bulb and energy expenses; 

< > Decreased inventory expense from simplified test 

and rework methods (one-step diagnostics, era- 
sure, and board configuration); 

<> Decreased product costs based on decreased 
board-handling loss; 

< > Improved board diagnostics and testability leading 

to higher quality and decreased customer returns; 
and 

< > Quicker, more reliable field code updates. 
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APPENDIX B 

Vpp GENERATION CIRCUITS 


Circuit # 1 — Regulation from a higher voltage 

Circuit #2 — Regulation from a higher voltage 

Circuit # 3 — Regulation from a higher voltage 

Circuit #4 — 5V to 12V Boost 

Circuit #5 — 5V to 12V Boost 

Circuit #6 — Monolithic DC/DC Convertor 


Circuit # 1 


Down Conversion 

(From 14.0V-26.0V to 12.00V) 


Vin >- 


VPP V 

Enable ' 


In 


Out 


LM2391CT 

On/Off Gnd Adj 


Cl 


X 


>R2 


-O Vout 


: C2 


Vout = 1.20v (R1/R2 + 1) 


COMPONENTS 

COST* 

LM2391CT 

$0.75 

R1 = 20 KH, 1 % 

0.045 

R2 = 180 KH.1% 

0.045 

R3 = 10 KH 

0.02 

Cl = 0.1 fxF 

0.02 

C2 = 100 juF 

0.15 


$1.03 


NOTES: 

— The LM2391 offers an enable pin for added data protection. 
—The drop out voltage is 0.6V. 

— R3 is NOT required if Vpp enable is driven by a CMOS device. 
*Cost approximations assume 10,000 piece quantity. 
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Circuit #2 


Down Conversion 

(From 16.00V-26.00V to 12.00V) 

f LM-317 

Out • — 

Voltage Regulator r 

Ad) > < 


= 1.25v (R2/R1 + 1)| 


COMPONENTS 

COST* 

LM-317 

0.40 

R1 = 124(1, 1% 

0.045 

R2 = 1070ft, 1% 

0.045 

Cl = 0.1 jutF 

0.02 

C2 = 100 juF 

0.15 


$0.66 


NOTES: 

LM-317 requires a minimum Vin-Vout = 3 0V 
*Cost approximations assume 10,000 piece quantity. 


Circuit #3 


Down Conversion 

(From 15.0V-40.0V to 12.00V) 

1 LT1085 „ 

Out # 

Voltage Regulator L 

AdJ > 



= 1.25v (R1/R2 + 1)| 

=■ 

COMPONENTS 

COST* 

LT-1085 

2.50 

R1 = 124ft, 1% 

0.045 

R2 = 1070ft, 1% 

0.045 

Cl = 10 julF 

0.10 

C2 = 10 jmF 

0.10 


$2.79 


NOTES: 

LT-1085 requires a minimum Vin-Vout = 1.5V 
*Cost approximations assume 10,000 piece quantity. 
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Circuit #4 


Up Conversion 

(From 5V to 12.0V) 




-|- 10 ^ F SL1 


1 50 uH 


V|N 

v sw 


LT1072 


FB 

v c 

GND 




Vpp 

O OUTPUT 
200 mA MAX 


COMPONENTS 

LT 1 072 ~ 

R1 = 10.7k, 1% 
R2 = 1.24k, 1% 
R3 = Ik, 5% 

R4 = 120k, 5% 
R5 = 270k, 5% 
Cl - 1 jaF 
C2 = 1 juF 
C3 = 10 jaF 
LI = 150 jaH 
Q1 = 2N3904 


COST* 

1.82 

0.045 

0.045 

0.02 

0.02 

0.02 

0.10 

0.10 

0.15 

1.00 

0.10 

$3.42 


VppOUT 

R1 

R2 

Resistor 

Tolerance 

12.0V 

10.7k 

1.24k 

1% 


NOTES: 

Drive Vpp COMMAND low to turn on the circuit. 
*Cost approximations assume 10,000 piece quantity. 
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Circuit #5 


Up Conversion Circuit 

(From 5.0V to 12.0V) 



COMPONENTS COST* 


PM7006 $6.25 

Cl = 0.1 fiF 0.05 

BuzIlA 2.59 


$8.89 


292046-16 


NOTES: 

1. The capacitor decreases output noise to 140 mV pk-pk. 

2. We added the BuzIlA Mospower nFET to enable/disable the converter. This control minimizes power consumption 
which under full load can reach 600 mA. 

3. The voltage drop across the switch is 0.1V. Due to this drop the PM7006 will not maintain the Vpp spec with 10% 
fluctuations in Vcc supply. 

*Cost approximations assume 10,000 piece quantity. 
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APPENDIX C 

LIST OF DC-DC CONVERTER COMPANIES 


BURR-BROWN 
F.O. Box 1 14U0 
Tucson, AZ 85734 

(602) 746-1111 

CARITRONICS INC. 

P.O. Box 821 

West Caldwell, NJ 07007 

(201) 575-8916 

LINEAR TECHNOLOGY CORP. 

1630 McCarthy Blvd. 

Milpitas, CA 95035-7487 
(408) 432-1900 

NOVA-TRONIX 
4701 Patrick Henry Dr. #24 
Santa Clara, CA 95054 
(408) 727-9530 

RELIABILITY INC. 

(713) 492-0550 

SEMICONDUCTOR CIRCUITS INC. 
49 Range Road 

Windham, New Hampshire 03087 

(603) 893-2330. 

UNIVERSAL MICROELECTRONICS 
Marcon Sales Inc. 

2672 Bayshore Parkway, Suite 1000 
Mountain View, CA 94043 
(415) 964-8046 

VALOR ELECTRONICS 
6275 Nancy Ridge Dr. 

San Diego, CA 92121 
(619) 458-1471 
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APPENDIX D 

PARALLEL ERASE FLOW CHART 



COMMENTS 


Wait for Vpp to stabilize. 


Use Quick-Pulse Programming 
algorithm. 

Initialize Variables: 

PLSCNT HI = HI Byte Pulse 

Counter 

PLSCNT LO = Low, Byte Pulse 

Counter 

FLAG = Erasure Error Flag 
ADRS = Address 

E COM = Erase Command 

V COM = Verify Command 

Erase Set-up Command 


Start Erasing 


Duration of Erase Operation. 

Erase Verify Command stops 
erasure. 


See next page for subroutine. 

When both devices at ADRS are 

erased, F DATA = FFFFH. 

If not equal, increment the pulse 
counter and check for last pulse. 

Reset commands to default 

(E COM = 2020H, 

V COM = AOAOH) 

before verifying next ADRS. 


Reset devices for read operation. 


Turn off Vpp. 


292046-34 
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Device Erase Verify and Mask Subroutine 


COMMENTS 


[START SUBROUTINE 


TIME OUT 6 fxS 


I READ ADRS/F_DATA | 


This subroutine reads the data word 

(F DATA). It then masks the HI or 

LO Byte of the Erase and Verify 
commands from executing during 
the next operation. 


F_DATA = FFFFH 


If both HI and LO bytes verify, then 
return. 


| LO.BYTE = (F.DATA AND OOFFH) | 


LCLBYTE = FFH 


I INCREMENT PLSCNT.LOI 


PLSCNT.LO = 3000d 


Y. E_C0M = (E_C0M OR OOFFH) 
V_C0M = (V_C0M OR OOFFH) 


I FLAG = FLAG * 1 1 


| HLBYTE = (F_DATA AND FF00H)| 


HLBYTE = FFOOH 


INCREMENT PLSCNT_HI 


PLSCNT_HI = 3000d 


SUBROUTINE END 


Y. E_C0M = (E_C0M OR FFOOH) 
V_C0M=(V_C0M OR FFOOH) 


i FLAG = FLAG + 2 


Mask* the HI Byte with OOH. 


If the LO Byte verifies erasure, then 
mask* the next erase and verify 
commands with FFH (Reset). 

If the LO Byte does not verify, 
increment its pulse counter and 
check for max count. FLAG = 1 
denotes a LO Byte error. 


Repeat sequence for the HI Byte 


FLAG = 2 denotes a HI Byte error. 
FLAG = 3 denotes both HI and LO 
Byte errors. 


*Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming flash 
data (F DATA), the erase commands and the verify commands. Then manipulate the HI or LO register contents. 
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PARALLEL PROGRAMMING FLOW CHART 


^ Start Program 



Apply Vppn 

r 



Get ADRS/P_DAT 

+ — 


Initialize: 

PLSCNT HI = 0 

PLSCNT LO = 0 

FLAG = 0 

V DAT = P DAT 

P COM = 4040H 

V COM = C0C0H 

a 

Write xx/P_COM 

1 


Write ADRS/P_DAT 

1 + 


Time Out IOuS 

i 


Write ADRS/V_COM 



Time Out 6uS 

* 


Read ADRS/F_DAT 

<^F_DAT = V_DATJ>. 

A 

\ 



? 


N 



A 


High/Low Byte 
Compare & Mask 
Subroutine 


t 



292046-19 



COMMENTS 


Wait for Vpp ramp to Vppn 


ADRS = address to program 
P DAT = data word to program 

Initialize Data Word Variables: 

PLSCNT HI = HI Byte Pulse 

Counter 

PLSCNT LO = LO Byte Pulse 

Counter 

FLAG = Program Error Flag 

V DAT = valid data 

P COM = Program Command 

V COM = Verify Command 

Program Set-up Command 
xx = Address don’t care 

Program 

See next page for subroutine 


Program Verify Command 


F DAT = flash memory data 

Compare flash memory data 
to valid data (word compare). If not 
equal, check for program error 
flag. If flag not set, compare High 
and Low Byte in subroutine. 


Check buffer or I/O port for 
more data to program. 


Reset device for read operation. 


Turn off Vpp. 
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Program Verify and Mask Subroutine 


[START SUBROUTINE 


LO_BYTE = (F_DATA AND OOFFH) | 


“rrnNv Y J P_C0M = (P_C0M OR OOFFH) 
(V_DATA AND OOFFH) V _C0M = (V_C0M OR OOFFH) 


I INCREMENT PLSCNT_L0 


PLSCNT.LO = 25? 


1 HLBYTE = (F_DATA AND FF00H)| 


^ HLBYTE = > 

(V_DATA AND FFOOH) 


INCREMENT PLSCNT.HI I 


PLSCNT.HI = 25? 


SUBROUTINE END 


P_C0M = (P_COM OR FFOOH) 
V_COM = (V_COM OR FFOOH) 


1 FLAG = FLAG + 2 


COMMENTS 

To look at the LO Byte, mask* 
the HI Byte with 00. 


If the LO Byte Verifies, mask 
the LO Byte commands with 
the reset command (FFH). 


If the LO Byte does not verify, 
then increment its pulse 
counter and check for max 
count. FLAG = 1 denotes a 
LO byte error. 


Repeat the sequence for the 
HI Byte. 


FLAG = 2 denotes a HI Byte 
error. FLAG = 3 denotes both 
HI and LO Byte errors. FLAG 
= 0 denotes no max count 
errors; continue with algorithm. 


* Masking can easily and efficiently be done in assembly languages. Simply load word registers with the incoming data 
(F-DAT), the program commands and the verify commands. Then manipulate the HI or LO register contents. 
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DETAILED SYSTEM SCHEMATICS 
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256K FLASH MEMORY DEMO PA 

RTS LIST 

Device 

Component 

Pins 

Description 

in 

80C186 

68 

16-bit high integration CPU 

[2,3.4] 

74HC573 

20 

Latch 

[5,6] 

74HC245 

20 

Transceiver 

[71 

74HC32 

14 

OR gate 

[8L.8H] 

27C64 

28 

16 Kbyte EPROM 

[9L,9H] 

28F256 

32 

64 Kbyte flash memory 

L10L.10H] 

d2KXb SRAM 

28 

64 Kbyie SRAM 

mi 

82510 

28 

Asynchronous Serial Controller 

[12] 

14C88 

14 

RS-232 Line Driver 

[13,14] 

14C89 

14 

RS-232 Line Receiver 

[15] 

82C55A 

40 

Programmable Peripheral Controller 

[16] 

PM7006 

24 

DC/DC Convertor (5V- 12.00V) 

[17] 

7406 

14 

Invertor — Open Collector (O.C.) 

Cl 

20 julF 

2 

Capacitor for CPU reset 

D1 

1N914 

2 

Diode for CPU reset 

FI 

BUZ11A 

3 

MOSPOWER nFET 

J1 

DB-25 

25 

Connector (male) 

OSC-1 

20 MHz 

14 

CPU Oscillator 

OSC-2 

18.432 MHz 

14 

Serial Controller Oscillator 

R1 

10 KH 

2 

y 4 W, 10% Resistor for CPU reset 

R2 

1 Ka 

2 

y 4 W, 10% Resistor for O.C. pull-up 

SW1 


3 

Momentary Push Button for CPU reset 


NOTES: 

1. Place a 0.1 jilF bypass capacitor at the Vcc input of each 1C. 

2. Place a 0.1 jaF bypass capacitor on the Vpp input of each 28F256 flash memory. 


28F512 UPGRADE FOR THE 
80C 186/FLASH MEMORY DESIGN 

To upgrade the 80C 186/Flash memory design to han- 
dle 28F512’s, the range of the CE signal has to be in- 
creased. There are a number of ways to generate a CE 
signal that will span the 128 Kbyte address range of 
two 28F512 devices. 

1. AND two of the current MCS lines together (defined 
for 64 Kbytes each); or 


2. Change the MCS individual block-select size from 
64 Kbytes: 

MMCS VALUE = 41F8H, 

MPCS V ALUE = 0A0B8H 

to 128 Kbytes: 

MMCS V ALUE = 01FEH, 

MPCS V ALUE = 0C0BEH 

Also, cut th e CE trace to the RAM sockets. Then 
wire M CS O to the RAM CE. This eliminates the 
MCSO and LMCS range overlap caused by increas- 
ing the MCS range to 128 Kbytes. See 80C186 Data 
Sheet page 21 and 22 (Order # 270354). 
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28F010 UPGRADE TO THE 
80C186/FLASH MEMORY DESIGN 

To upgrade the 80C 186/Flash memory design to han- 
dle 28F010’s, a CE signal has to be generated. There 
are a number of ways to generate a CE signal that will 
span the 256 Kbyte address range of two 28F010 devic- 
es. 

1. AND two of the MCS lines together (defined for 128 

Kbytes each as noted in the 28F512 modifications): 

Cut the LMCS trace to the RAM sockets. Connect 
MCSO to CE on the RAM sockets (U10L,UH). 

Cut the MCS2 trac e to the flash memory . Add an 
AND gate. Connect MCS2 (cut trace) and MCS3 to 
the inputs of the AND gate. Then wire the AND 
gate output to the CE of the flash memories. 

Also, change the onboard memory MCS register to: 

MMCS V ALUE = 01 FEH, MPCS_ 

VALUE = 0C0BEH [128K blocks], 

and delete: 

LMCS REG and LMCS__Value. 

2. Add a decoder; 

Add a decoder (74HC138). Connect address lines 
A18 and A 19 to the B and C inputs of the decoder. 
Tie the A input of the decoder low, and enable all the 
enables. By using outputs Y0, Y2, Y4, and Y6, you 
have four CE lines decoding 256 Kbyte blocks each. 

Cut the MCS2 trace to the flash memories. Connect 
the Y2 output from the decoder to the CE input of 
the flash memory. 


RESET C 

< 37 — 

1 

20 

v cc 

A 16 ^ 

2 

19 

3LA 16 

A 1 7 El 

3 

18 

□ la 17 

A 18^ 

4 

17 

□ L A ia 

A 19^I 

5 U2 

16 

Ula 19 

bheC 

6 EPLD 5C032 

15 

□ lbhe 

s 0 C 

7 

14 

□ CE (40000H-0BFFFFH) 

s i E= 

8 

13 

□ CE (80000H-0BFFFFH) 

s 2 C 

9 

12 

□ CE (40000H-7FFFFFH) 

gndC 

10 

11 

□ ale 
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Figure 2. Integrated Latch and Decoder 


3. Replace the address latch (U2) with a PLD that 
latches and decodes. 

Program a 5C032 as an integrated latch and decoder. 
Replace the upper address latch [U2] with the Intel 
5C032 EPLD. Cut the CE trace to the flash memo- 
ries. Connect the flash memories’ CE to the 5C032 
pin 12. This maps the address space 40000H to 
7FFFFH. See Figures 1 and 2 for a comparison of 
the 74HC573 (U2) and programmed 5C032 pin outs. 
Figure 3 is the source code for the EPLD. 

Also, change the value of the MMCS and M PCS 
registers to 64 Kbyte blocks so that the MCSO range 
does not overlap the LMCS range. 

MMCS V ALUE = 4 1 F8H, MPCS_ 

VALUE =0A0B8H. 


RESET C 

1 


20 

^ v cc 

A 16^ 

2 


19 

□ la 16 

a 17 C 

3 


18 

□ la )7 

A 18 C 

4 


17 

□ la 18 

A 19^ 

5 

U2 

16 

□LA, 9 



74HC573 



BHEC 

6 


15 

□ LBHE 

s 0 C 

7 


14 

□ LS 0 

SiC 

8 


13 

□ LS^ 

s 2 C 

9 


12 

□ ls 2 

GNDC 

10 


11 

□ ale 
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Figure 1. Latch Pinout 
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Thom Bowns - PLFG Applications 
Intel 

January 13, 1989 
EPLD HOTLINE: 1-800-323-EPLD 
002 
5C032 

Custom Latched Decoder 
OPTIONS: TURBO = ON 
FART ; 5CG32 

INPUTS: ALE@11, RESET@1 , A19@5, A18@4, A17@3, A16@2, nBHE@6 

OUTPUTS: LA18@17, LA17@18, LA16@19, LnBHE@15, nCE3@14, LA19@16, 
nCE2@13, nCEl@12 

NETWORK: 

ALE = IN (ALE) 

RESET = INF (RESET) 
nRESET = NOT (RESET) 

A19 = INP (A19) 

A18 = INP (A18) 

A17 = INP (A17) 

A16 = INP (A16) 
nBHE = INP (nBHE) 

LA19, LA19 = COIF (LA19d, nRESET) 

LA18, LA18 = COIF (LA18d, nRESET) 

LA17 , LA17 = COIF (LA17d, nRESET) 

LA16 , LA16 = COIF (LA16d , nRESET) 

LnBHE , LnBHE = COIF (LnBHE, nRESET) 
nCE3, nCE3 = COIF (nCE3, nRESET) 
nCE2, nCE2 = COIF (nCE2, nRESET) 
nCEl, nCEl = COIF (nCEl, nRESET) 

EQUATIONS: 

LA19d = A19 * ALE + LA19 * 'ALE ; 

LA18d = A18 * ALE + LA18 * IALE; 

LA17d = A17 * ALE + LA17 * IALE; 

LA16d = A16 * ALE + LA16 * IALE; 

LnBHEd = nBHE * ALE + LnBHE * IALE; 

nCE3d = nCE3EQN * ALE + nCE3 * IALE; 

nCE2d = nCE2EQN * ALE + nCE2 * IALE; 

nCEld = nCElEQN * ALE + nCEl * IALE; 

nCE2EQN = I(A19 * IA18) ; 

nCElEQN = !( IA19 * A18) ; 

nCE3EQN = !( IA19 * A18 + A19 * 1A18) ; 

END& 


Figure 3. Source Code for the Integrated Latch and Decoder 
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1.0 INTRODUCTION 

As PC computing platforms increase in complexity, so does the associated BIOS code. Sophis- 
ticated hardware and BIOS software increase the potential for revisions. Time-to-market goals 
require faster completion of designs from conception to production, leaving less time for test and 
debug of PC platforms and greater potential for hardware/software bugs. Once a computer is out 
the door, code revisions are far more difficult and costly. Code revisions with EPROM require 
either a service call or sending EPROMs to the end user, assuming nothing else goes wrong in 
the process. 

Flash memory offers the same nonvolatile storage as EPROM, but additionally offers in-system 
write capability. Using Intel’s flash memory for BIOS storage, code updates are done quickly in 
the factory during test and debug, while allowing cost-effective field updates to end users via 
floppy disks. 

This application-note describes various methods of implementing a flash BIOS. Design targets 
are both laptop and desktop systems. The primary emphasis is on application of flash for BIOS 
and ROM executable software applications. Detailed information on flash memory is covered in 
other references, including data sheets and other application notes. 

2.0 FLASH MEMORY 

This section provides a brief overview of Intel’s flash memory. It covers the following: 

• Flash memory’s EPROM roots 
® Stop Timers 

• Pin-outs and physical layout for different packages 

• V PP specifications 

Major benefits of flash memory are in-system write, SRAM-like command interface (for pro- 
gramming and erasure), fixed V cc and V PP supplies, V cc and V PP lockout protection, and stop 
timers for erase and program operations. 

2.1 EPROM Roots; Review of Flash Process vs. EPROM & EEPROM 

Intel’s ETOX™ II (EPROM Tunnel OXide) flash memory is a single-transistor cell providing 
nonvolatile storage like EPROM, with electrical erase similar EEPROM. Reprogramming flash 
memory entails electrically erasing all data bits in parallel, then randomly programming data 
into any byte in the array. The programming operation is achieved via channel hot electron 
injection (CHE), just like EPROMs. Flash electrical erasure however, is accomplished through 
Fowler-Nordheim (FN) tunneling. Using separate program and erase methods (CHE vs. FN 
Tunneling), in different cell locations, drain vs. source, permits process optimization for high 
cycling endurance — the number of complete erase and re-writes. Traditional low-density 
EEPROMs tunnel through the same memory cell junction for both programming and erasure. 
Because EEPROMs erase before programming each byte, these processes must occur very fast. 
Therefore, voltages used to program or erase EEPROM memory cells are high (e.g. 18-30 volts). 
The combination of higher voltage with programming and erasing through the same junction 
contributes to EEPROM ’s oxide breakdown and reduced cycling capability. 
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Intel’s flash memory erasure (tunneling) voltage is below the critical oxide breakdown voltage. 
By using block erasure instead of EEPROM’s byte erasure, erase times are relaxed, reducing 
tunneling voltages. Programming Intel’s flash memory is non-destructive to the floating gate 
oxide compared to EEPROM’s use of tunneling for programming. These features for erase and 
programming provide Intel’s flash memory with the highest endurance (typically over 100K 
cycles) compared to that of traditional EEPROM cycling. Furthermore, flash memory exhibits 
lower failure rates at any given cycle count. 

2.2 Stop Timers 

Programming and erasing Intel flash memory requires time delays of 10|xS and lOmS, respec- 
tively. Internal stop timers assist debugging by stopping individual programming or erase 
timeouts, preventing violations of specified programming or erase timing requirements. For 
instance, when single-stepping through code, you accidentally leave the device in erase mode 
while you take your coffee break. The erase timeout requirement would certainly be violated, 
but since stop timers are present the erase operation is halted internally, providing you with a 
functional flash device when you return. 

2.3 Flash Memory Pinouts and Physical Layout 

Intel’s flash memory is offered in three standard 32-pin packages: Plastic Dual In-line Package 
(PDIP), Plastic Leaded Chip Carrier (PLCC), and Thin Small Outline Package (TSOP). 256Kb 
to 2Mb densities are available in PDIP and PLCC, while 1Mb and 2Mb densities also come in 
TSOP versions. See figures 1, 2, and 3 for pinout details. 
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Figure 1. PDIP Pinouts from 256Kb to 2Mb 
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Figure 2. PLCC Pinouts from 256Kb to 2Mb 
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Plastic Dual In-line Package 

PDIPs with sockets provide an excellent way to prototype and debug new designs. 1Mbit and 
2Mbit flash memories are pin-compatible with the corresponding EPROMS. Lower-density 
EPROM can be placed pin-for-pin in the lower 28 pins of a 32-pin flash memory socket. Simply 
jumper V cc to pin 30 of the higher density socket. 


Plastic Leaded Chip Carrier 

Most system designs today require surface mount technology (SMT) due to shrinking board real 
estate and portable form factors. PLCC is one SMT component that uses as little as 35% of the 
overall board space compared to PDIP. Its small size is attributed to the center-to-center lead 
spacing of 50 mils versus 100 mils as well as its four-sided pinout. The J-lead design allows the 
PLCC to be directly soldered to the circuit board. Most SMT manufacturing equipment can 
easily handle the PLCC’s 50-mil lead pitch. 

Recently, AMP introduced a SMT socket for PLCCs (P/N 821977-1) that has an identical foot- 
print for 32-pin devices. This socket can be used in place of directly soldering a PLCC for 
prototype build and code testing. Once the reprogramming code is tested and debugged, flash 
PLCCs can then be surface-mounted without socketing during production-runs. 
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Thin Small Outline Package 

TSOP is the package of choice for hand-held equipment or palmtop/laptop computers. These 
compact systems require minimal height and area for all components, for which TSOP excels. 
TSOP height measures 1.2mm versus 3.5mm for PLCC. TSOP area is 8mm x 20mm compared 
to PLCC’s 11.43mm x 13.97mm. Therefore, TSOP has significantly less total volume: 
TSOP= 172.8mm 3 , while PLCC = 656.3mm 3 , and DIP= 1872.3mm 3 . State-of-the-art center- 
to-center terminal spacing of 20 mils yields a smaller package with narrower conductor traces 
than PLCC or PDIP. Location of pins on both ends of the package allow traces for TSOP to be 
routed underneath the chip, reducing board layers. TSOP is available in standard and reverse pin 
configurations (see figure 4) allowing components to be laid out end-to-end and side-to-side (in 
serpentine fashion) for highest board density (see figure 5). Note how pins 32-17 on the standard 
pinout match pins 1-15 on the reverse pinout, and how pins 1-16 on the standard pinout match 
pins 32-17 on the reverse pinouts. 



Figure 4. TSOP Standard and Reversed Pinouts 
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Figure 5. TSOP Serpentine Layout 


2.4 V PP Specifications 

Fixed V PP and V cc 

Flash memories, like EPROMs, require a 12V programming power supply. Unlike EPROMs, 
however, the V PP for flash memory is a fixed, standard level. When combined with the Command 
Register erase/write control, Intel flash memories use a simple, SRAM-like hardware interface 
with standard microprocessor timing. 

Intel’s flash memory V PP specification is 12.0V ± 0.6V (5%), compatible with most off-the- 
shelf system power supplies. The IBM PC* technical reference manual specifies the 12V power 
supply at 12.0V, 4-5% and -4%. Additionally, some hard and floppy drives require 12V ± 
5%. Therefore, most PC power supplies have 12V supplies with ± 5% or better tolerance. Possible 
exceptions to this are laptop and/or palmtop PCs. Some of these require 5- volt-only designs, in 
which case 5 volts is charge-pumped to 12V. 

It is essential to use the specified V PP when programming and erasing flash. Once the commands 
to program, erase or verify are issued, the device internally derives the required voltage references 
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from the V PP supply. Therefore, an improper V PP level degrades the performance of the part. 
The hardware design section discusses various methods of V PP generation if your 12 volt power 
supply does not meet the proper tolerances or 12 volts is not available. 

V cc and V PP Lockout Protection 

Intel flash memory provides additional protection for designs that tie 12 volts directly to the 
device. Since the 12 volt supply is less capacitively loaded than the 5 volt supply, the 12 volt 
power supply reaches full value faster during power-on. If command register lockout protection 
was not provided, a small, finite possibility exists that inadvertent writes may occur during 
power-on. For this case, Intel flash memory affords command register lockout protection when 
V cc is below 2.5 volts and V PP is below 6.5 volts, preventing any writes to flash memory from 
occurring. Since CMOS logic is valid at 2.0 volts, a 0.5 volt margin of protection exists, providing 
extra time for control signals to settle before the Command Register is activated. Once V cc 
reaches 2.5 volts and V PP is greater than 6.5 volts, the Command Register begins processing 
valid commands. At this point, the system is responsible for write filtering. 


3.0 HARDWARE DESIGN CONSIDERATIONS 

The system level hardware requirements for implementing BIOS and application storage in 
flash are: 

• Write Enable available to all of the flash memory 

• 12V routed to flash location or generated on-board 

• CMOS control-signal interface, or WE gated by a power-good signal 

• Data buffer or transceiver that works in both write and read directions 

• Space in memory map allocated for each application’s size 

The VIP 8000 (Vadem, Intel, Phoenix) laptop demo board was chosen as a flash BIOS system 
design example because it demonstrates the modification of an existing laptop chipset. The VIP 
8000 chipset consists of an 80386SX™ processor, an 82344 bus controller, an 82343 system 
controller, and a Vadem power management chip. The bus controller and system controller 
contain configuration registers that must be set for flash BIOS updates. Some particulars relating 
to this chipset are: 

1) Configuration register RAMMAP bit 7,,when changed to a 0 will not generate a ROMCS, 
but accesses to F0000-FFFFF still does. 

2) The EAXS and FAXS registers must be set to 00H in order for ROMCS to be generated. 

3) If any of the 4 E MS Page registers in the E0000-EFFFF range are active, they create a 16K 
window with no ROMCS. 

4) The XD (82343) 8-bit data bus transceiver is prevented (internal logic) from writing data out 
to the BIOS address range. 

5) ROMCS and MEMWR is not a valid condition, so flash CE must be generated externally. 
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Other chipsets may have similar restrictions. Figure 6 is a block diagram for a flash BIOS 
implementation on the VIP 8000 chipset, which will be referenced throughout the rest of the 
hardware and software sections of this application note. 


VIP 8000SX Flash BIOS 
System Block Diagram 



Figure 6. VIP8000 Flash BIOS Block Diagram 



A write buffer is used on the SD bus since data for writes is not allowed on the XD bus in BIOS 
memory address locations. Data for reads is passed on the XD bus using the 82343 internal data 
buffer. The 82344 provides internally-latched system address lines to address the 28F010. The 
flash write enable signal is generated using the 386SX™ write signal in combination with the 
CE signal from the decoder. The 82344 MEMRD signal controls output enable while the decoder 
controls chip enable. The V PP switch block controls the application of 12 volts to flash memory 
and is discussed in section 3.2.3. 
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3.1 Modifying an Existing Motherboard 

If you are modifying an existing motherboard design to accommodate a flas h BIO S, there are a 
few things you should consider. First, check the logic design to determine if WE is decoded out 
to the BIOS EPROM location. Typical motherboard logic desig ns do no t allow writes to the 
EPROM l ocations and treat EPROM writes as invalid (e.g . RO MCS not generated with 
MEMWR). This is overcome by generating the BIOS location’s WE externally by either adding 
the necessary discrete logic or addin g a 3- to-8 decoder (see figure 7 for an example). In either 
case, tap into the 386SX™ M/IO and W/R control lines and configure the decoder to provide a 
logic low for the { M “OR” W “OR” BIOS address } condition. Secondly, check to see if the 
BIOS code transceiver or buffer for the EPROM location works in both directions. The transceiver 
may need a special BIOS call to unlock it in the “write” direction, or you may have to reprogram 
the logic for that portion of your board. If your chipset data buffer works only in one direction, 
a transceiver and direction logic must be added to the CPU bus to pass data to and from flash 
memory. 



Figure 7. Discrete and single-chip decoder WE solutions 
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3.2 Vpp Generation 


For flash BIOS designs, the 12V V PP can be provided by: 

1) Using existing 12V supply from PC Power Supply; 

2) Generating 12V using a charge pump or DC-DC converter from the 5V supply. 

Flash typically requires only 10 mA for program or erase (30 mA max); otherwise only 100 
|xA is drawn in standby mode. 

3.2.1 USING SYSTEM 12V DIHECTLy 

As stated earlier, the IBM PC technical reference manual specifies the 12V supply as +5% and 
— 4%, which meets the Intel flash memory V PP requirement, if your power supply meets this 
condition and has CMOS logic, 12V from the PC power supply can be tied directly to flash 
memory, eliminating the need to add extra circuitry for V PP generation. This is possible due to 
V cc and V PP lockout protection offered in Intel’s flash memory. However, it is recommended 
that you switch V PP if writes to the BIOS location occur (e.g. loading the GDT from BIOS 
location) during boot loading or normal operations. 

3.2.2 PUMPING 5V TO 12V 


If your system does not provide 12V or does not meet flash memory specifications, several 5-to- 
12V converters are available, including surface-mount versions. AP-3 16 lists several V PP solutions 
which offer on/off control of V PP and provide a steady V PP rise and little overshoot. 


Figure 8 shows one example of one charge pump design. On power-up, system reset or when 
V cc is below 4.5V, V PP is forced off. It is enabled (or disabled) by writing to the VPPEN I/O 
port add ress. On/off capability is essential for battery-operated equipment and eliminates the 
need for WE filtering. The VPPEN signal “OR’ed” with the system memory write (MEMWR) 
functions as the clock signal for the 74FC74 D-flip-flop. The D-input is latched when MEMWR 
goes high. Writing a one or a zero turns V pp on or off, respectively. Linear Technology’s LT1072, 
a switching regulator, is used as a 5V to 12V charge pump. The 10. 7K and 1.24K resistors are 
used to establish the correct reference voltage to obtain 12 volts. The 100 uF capacitor at the 
output is used to handle up to 200 mA. For a single- or double-chip BIOS design, this capacitor 
value can be halved or even quartered to allow selection of a SMT capacitor value, since the 
maximum I PP current per device is only 30ma (lOma typical). Sufficient time should be allowed 
when switching V pp on, allowing the charge pump to level out and enabling the command register 
to receive commands (1) . The diode, MUR120, keeps the inductor from absorbing current from 
the charged output capacitor. The 5.6 volt zener diode ensures that when V PP is less then 5.6 
volts, the V PP output is held at zero volts (2) . 



Notes: 

1. See section on Software Timing Delays for V PP -on times. 

2. This is optional if the power draw with V PP @ 5 volts or less is tolerable. 
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Controlling V PP provides an additional benefit of system security. Beyond this, you can design 
for even higher security levels. The first level could be the design of a simple software password 
routine that would only turn on V PP when a correct password is given. Alternatively, you can 
provide a jumper to allow 12V to the part for a BIOS update and then return it when reprogram- 
ming is finished. The system should check this pin to see if the jumper was left in the programming 
position and remind the user to move it. Unless V PP is at 12 volts, the flash memory contents 
cannot be changed and acts just like ROM. 

Disabling V PP until voltages have stabilized provides additional power-up protection. The Mo- 
torola component, MC34064, is an under-voltage sensing circuit that begins functioning when 
V cc is above 1 volt. Between 1 and 4.6 volts, the RESET output is active. The RESET output 
(or a system RESET) clears the 74FC74, keeping V PP off when V cc is less than 4.6 volts. 
Alternatively, if you use CMOS logic, you could make use of Intel’s flash memory V PP and V cc 
lockout function. While V cc is below 2.5 volts and V PP is below 6.5 volts, the Command Register 
is locked out. Since CMOS control logic is active at 2.0 volts, a 0.5 volt safety margin exists for 
control logic to settle down before the part becom es active. For designs that do not use CMOS 
logic (i.e. control logic active at 2.0V), gate WE with the power supply’s “Power Good” signal 
or the MC34064’s RESET output (Figure 8). 
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3.2.3 USING A MOSFET SWITCH 

For laptops/palmtops, an always-active 12V may not provide acceptable power management. 
Additionally, there may not be enough space for a charge pump, but 12V is provided — VIP8000 
for example. For these systems, a MOSFET switch will work adequately. Several DC switches 
exist, but there are a few issues to consider in your selection. The “ON” resistance must be very 
small for the V pp voltage to stay within flash memory specifications. The system 12V power 
supply must be specified to a tighter range to allow for the voltage drop through the switch. A n 
I/O line (V PP enable) must be allocated to turn th e switch on an H off. To handle “warm RESETS” 
the V PP enable must be gated with the system RESET line. The Motorola MTD3055E is one 
example of a surface-mount switch with low drain-source resistance. Assuming a 12V + 5% and 
— 4 % supply: 


R DS = 0.15(1 I PP = 30mA (worst case) 

AV switch Drop = 30mA x 0.15(1 = 0.0045 V, « 5% of V PP = 0.6V. 

Figure 9 shows a schematic of a V PP switch design. 


Vpp Switch Schematic 


12V 



J 


Figure 9. V PP Switch using MTD3055E 
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3.3 Ideas for Using Extra Adaptor Space 

Laptop systems may have extra adaptor space available since there typically isn’t much room for 
add-in boards. The extra space can hold ROM executable programs (e.g.. Tandy* Deskmate) like 
Lotus 123*, Wordstar*, etc. Using Intel’s flash TSOPs, a small application cache can reduce a 
laptop’s disk access and increase battery life. Additionally, Microsoft’s ROM-Executable DOS 
Version 3.22* can be placed anywhere in adaptor space. “MS-DOS ROM Version 3.22” requires 
64KB of adaptor space today (this may change on subsequent revisions). 

One location for MS-DOS ROM executable 3.22 is directly under the BIOS (see figure 10). 
Today’s typical BIOS consumes 64KB; consequently, both the BIOS and MS-DOS ROM exe- 
cutable can reside in a single 28F010 (128 K-bytes), yielding reduced chip count. However, if 
power management code is added to the BIOS (e.g. VIP 8000), system BIOS code could grow 
to 80KB or more. Therefore, designs that include both power management and MS-DOS ROM 
executable should consider using the larger 28F020 (256 K-bytes) flash device. This leaves extra 
space for BIOS and DOS in ROM to grow in the design, while providing additional storage for 
the video BIOS. 


FFFFFh 

64K 


1 Mbyte DOS Map 


BIOS Location 


■ Additional BIOS Space! 
MS-DOS ROM 3.22 I 


232K I Adapter Space 


User Area 


BIOS CODE MAP 
.16 BYTE JUMP VECTOR 


32K 

i 

8K IBM BIOS Compatibility Area 


IBM Standard BIOS 


(Minimal BIOS for Discrete AT, 


No Chipsets) 
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\ 64K 

EMS, Extended Setup Routines) 
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SCSI Drivers 

128K ^ 




6-264 






AP-341 


intel 


3.4 BIOS Boot Code Requirements 

A key flash memory benefit is soldering it directly onto a circuit board, eliminating sockets for 
production runs. A concern some designers might have when implementing a SMT flash BIOS 
is: what to do in the unlikely event that the BIOS update is incomplete (e.g. power failure during 
update)? One manufacturer looked at the probability of something else failing in the system 
versus an incomplete BIOS update. Their analysis showed a far higher probability of other system 
hardware failures (typically the hard disk or power supply) verses the probability of an incomplete 
BIOS update. Consider that a BIOS update for two 28F512’s only takes 7 seconds'’" — including 
the loading of MS-DOS ROM executable. The chances are very slim — (# of power outages/ 
year * 7seconds / 31.5 x 10 6 seconds/year) for an incomplete update to occur, once the update 
code is tested and verified. However unlikely BIOS updates may be, you may choose to provide 
special protection against power loss during BIOS updates. The following section discusses three 
methods of implementing designs that can handle the incomplete update scenarios. 


3.4.1 SOCKETING A FLASH-ONLY DESIGN 

Sockets, both DIP and PLCC, provide update protection by allowing the removal of an incom- 
pletely updated flash part. PLCC sockets are no higher than the PLCC itself and just 2mm wider 
on each side. If an incomplete update occurs, the socketed parts can be removed and repro- 
grammed locally by the OEM. Another benefit for flash-only designs is that no changes to the 
BIOS code are needed, just add your standard BIOS code in file form for use by the update 
utility software. 

One manufacturer who uses a socketed flash BIOS design stated that even if a few updates were 
unsuccessful, all the other successful updates on other systems would easily cover the cost of the 
few updates that might not succeed. This scenario is still-cost effective compared to updating 
all machines with EPROMs or having users update machines with EPROMs. 


3.4.2 SMALL EPROM FOR BOOT RECOVERY, FLASH THE REST 

Adding a small 8KB boot EPROM, in addition to flash, provides maximum security for incom- 
plete BIOS updates. The EPROM could be placed above or below the flash memory in the system 
address map. The next two sections discuss each option. Both methodologies require some 
external logic and additions to the BIOS code. 

8KB Boot at TOP (see figure 11) 

This scenario places the processor jump vector, BIOS check-sum and initialization code, and 
the basic system start-up code (if an invalid BIOS is detected), within a small 8KB EPROM. 
The regular 64KB BIOS code (including the jump vector) is placed in flash starting from the 
top (1FFFFH). This positions all the regular BIOS code 8K below where the system expects it. 
At boot time the processor jumps to the EPROM and starts setting the system up. It also checks 
the BIOS code in flash. After the flash BIOS is determined to be valid, system RAM is checked, 
then the BIOS code is copied into shadow RAM. The system finishes boot and is ready to use. 

Notes: 

1 . Demonstrated on Intel’s 386™ , 1 6MHz, 301 Z flash BIOS demo 
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When a BIOS check determines an invalid BIOS, the system RAM and floppy drive (or possibly 
a modem) are initialized with the boot recovery code located in the 8KB EPROM. Next, a request 
to install the BIOS update floppy disk is written to the screen while the floppy driver routine 
polls the drive until a floppy is loaded. A search on the floppy is performed for the file (1) with 
the correct BIOS file name. Once the file is found, the update code is loaded to RAM and the 
update utility proceeds to erase and reprogram flash with the loaded BIOS file. 



8KB Boot EPROM 

16 BYTE JUMP VECTOR 


1 

8KB 

8KB BIOS Boot Recovery Block 


28F010 128KB Flash 

32KB 

Standard BIOS 

(Minimal BIOS for Discrete AT, 

No Chipsets) 

32KB 

72KB 

Extended BIOS Area 
(Chipsets Support, Power Mgmt., 
EMS, Extended Setup Routines) 

32KB 

Relocated VGA Drivers 

32KB 

SCSI Drivers 

136KB 



Figure 11. Top EPROM Boot/Flash BIOS Code Combination 

Some systems require capability to turn shadowing off and directly execute BIOS code. Since 
the BIOS code is shifted off by 8KB for the Boot EPROM, an address shifter is needed to allow 
direct execution of BIOS code. Figure 12 shows an EPLD address shifter with a SHIFT8K input. 
Once the signal to direct execute is given, the EPLD shifts all address requests by 8KB to the 
flash part and generates the proper chip select. 

Note: 

Alternatively, the BIOS recovery code can contain specific, non-DOS, sector/track information pertaining to 
the location of the new BIOS update file. Thus, the file is not readable to basic DOS users and is protected. 
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Figure 12. 8KB Address Shifter 


8KB Boot at Bottom (see figure 13) 

In this scenario, the 8KB EPROM with boot recovery code resides below flash memory in the 
system address map. The regular 64KB BIOS code is stored starting from the top of flash memory 
starting. As long as updates are successful, no changes are needed for the system to freely shadow 
or direct-execute the BIOS code. If an update is incomplete, the system may boot partially or 
won’t boot at all. The user would then move a jumper or an external switch, which places the 
8KB boot EPROM at the top of the 1MB system memory map. When the processor reboots, it 
jumps to the EPROM and begins the BIOS recovery process just like the previous top boot 
solution. Once the BIOS update is finished, remind the user to move the jumper back, moving 
the EPROM below flash. Until this is done, the system will keep trying to run the update utility. 



Since standard BIOS code does not support boot recovery, your BIOS software engineers must 
design the boot recovery code for the 8KB EPROM. Alternatively, your BIOS vendor can be 
contracted to develop the code. The rest of the BIOS code located in flash memory stays the 
same. 
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32KB 
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Extended BIOS Area 
(Chipsets Support, Power Mgmt., 
EMS, Extended Setup Routines) 

32KB 

Relocated VGA Drivers 

32KB 

SCSI Drivers 

128KB 



8KB Boot EPROM 

8KB 

16 BYTE JUMP VECTOR 

136KB 

8KB BIOS Boot Recovery Block 


Figure 13. Bottom Boot EPROM/Flash BIOS Combination 


3.4.3 HALF EPROM, HALF FLASH 

Another alternative is to put half the BIOS code in EPROM and half in flash memory. One 
positive is that the system would have enough EPROM to reboot itself but still have some flash 
memory for partial code updates. There are a few negatives to this solution, however. One is 
that a direct-execute xl6 system would require 4 chips, actually increasing chip count. Another 
is that only half of the BIOS code could be updated. 

3.5 In-System Write vs. On-Board Programming 

When devices are soldered directly to a printed circuit board, one of two sources control flash 
memory reprogramming: 1) the system’s own processor, or 2) a PROM programmer connected 
to the board. These options are called In-System Write (ISW) and On-Board Programming (OBP), 
respectively. Their respective benefits are discussed in detail in AP-316. 
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With ISW, the system drives the reprogramming process and generates V PP locally. A good 
design practice for ISW-type designs is to socket the first few flash BIOS prototypes. SMT-only 
designs can also socket using PLCC SMT sockets. Socketing enables the system designer to 
easily work out any bugs with in-system flash reprogramming by allowing the removal of a flash 
part for external reprogramming in a prom programmer. Once ISW reprogramming is fully 
debugged, pre-programmed flash parts can be soldered directly to the circuit board without a 
socket. All flash memory components are exposed to a data-retention bake testing and checked 
for any data loss before shipping. It is extremely unlikely that data in a production flash device 
can be corrupted from heat by a production-run soldering appiicaiion. 

OBP uses a PROM programmer to supply V PP and control the programming process. Certain 
design considerations must be evaluated prior to laying out the design. Some manufacturers using 
TSOP may also want to remove a handling step from the manufacturing process by providing 
the capability to program flash for the first time after being soldered directly onto the circuit 
board. OBP can accomplish this if the design is first laid out correctly to support OBP. 

NOTE: See AP-316 appendix A for OBP design considerations. 


4.0 SOFTWARE DESIGN CONSIDERATIONS 


Intel’s flash memory provides a cost-effective, updatable, nonvolatile code storage medium. The 
reliability and operation of the device is based on the correct use of specified erasure and 
programming algorithms. To assist debug and prototyping, Intel’s flash memory features stop 
timers, which terminate a single erase or programming operation at the maximum spec allowed 
by the silicon. However, please note that the stop timers on the 28F256A, 28F512, 28F010, 
or 28F020 do not provide fully automated erase or programming. More detail on this feature 
is covered in each part’s respective data sheet. 

Intel offers standard software drivers to assist software engineers implementing flash memory 
reprogramming for update utilities. The software is tailored around each CPU family (i.e., x86, 
51, 196, and 960) and requires modification of the timings to your specific application. For 
example, you supply the memory width (8-, 16-, or 32-bit), system timing, and a subroutine for 
control of V PP . PC-specific timers are discussed in this application note. If you use another CPU 
from Intel, call your FAE who has access to the drivers or call the Intel Embedded Controller 
Operation (ECO) Bulletin Board System (BBS). Look under the flash memory section for drivers. 
You’ll find 51, 186, 196, and 960 drivers in archived form. 



Note: Please contact your sales office for details. 
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If you prefer to implement the flash memory algorithms yourself, flow-chart outlines appear in 
the flash re-programming section. 

Covered in this section are the major software steps for a flash BIOS update utility: 

• Update software for a modified system 

• Pseudo-Code overview 

• Initializing the system 

• Code loader routine 

® Flash re-programming 

• Timing calibration options 

The software code patches used in this example are specific to a “flash-only” hardware design 
for a demo flash BIOS add-in board. Modifications for flash writing and reading on the VIP8000 
must still be made for your design. Other hardware/software designs can easily build upon the 
concepts and code patches discussed here. For a more detailed source listing, call your FAE or 
the ECO BBS. 

4.1 Update Software for a Modified System 

Our design example assumes BIOS shadowing for BIOS code execution while allowing BIOS 
writes to the flash socket. Many systems provide a port by which BIOS writes and reads are 
enabled by toggling the port bit. Some systems may not allow BIOS reads from RAM while 
performing BIOS writes to the flash socket, or vice versa. The reasons may be simple — there 
is no shadow RAM in the system (8088 or 8086 systems) — or as complicated as system logic 
treating it as an invalid operation. In these cases, perform all your required BIOS calls before 
you erase and program the flash memory. But keep in mind, to update the user on the progress 
of flash programming and indicate when programming is finished, you should add some basic 
screen BIOS routines to your update utility. 

4.2 Pseudo-Code Overview 

The following pseudo-code for an update utility provides a brief description of the process of 
updating a BIOS in-situ. It is based on an Intel BIOS update demo and must be modified for 
your particular chipset and hardware environment. The code for the BIOS demo was initially 
developed by Phoenix Technologies* and later modified by a consultant for new flash devices. 

Pseudocode for Flash Update Routine 

Initialize system (calibrate timers, set up user screen, check battery power, check device ID) 
Get BIOS file (from floppy or modem) 

If file not present, 

send error message to insert BIOS update floppy, or press esc to exit 
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If extra space available, prompt user with space size and binary application file option 
If user indicates yes, prompt for file and load 
If file invalid, 

Prompt for file or exit 

Rise save what was in the extra space to a buffer 
Inform user what is about to happen, with option to continue or exit 
If user continues, inform them to not turn off the power 
Disable all interrupts 
Erase flash memory 
Write file[s] into flash memory 
Indicate to user flash reprogramming is over 
Reboot the system 


4.3 Initializing the System 


Checking Power 

If your application is a laptop or palmtop computer, first check the battery to make sure there is 
enough power to do the update. If not, inform the user to re-charge the system before continuing 
the update and exit the update program. This ensures that the system won’t stop in the middle 
of an update. Next, initialize access to flash for reads and writes, then try reading the device ID 
through the command register. Checking the device ID before programming or erasing helps 
determine if V PP , writes and reads work correctly and that the flash memory in the system 
matches your code before starting to reprogram the part. 



Device ID Check and Table 

Since varieties of flash BIOS components (256Kb - 2Mb) and configurations (x8, xl6) are 
possible, a device-unspecific update utility is preferred over a device-specific utility. Intel’s flash 
memories contain a unique device ID for each density and/or device configuration. To read the 
device ID, turn on V PP (if it is not directly connected), wait the appropriate on-delay time, then 
write a 90H anywhere within memory address range of the part you are checking. Next execute 
two read cycles in succession from the flash device, first from address 0000H, second from 
address 0001H of the flash memory. The data returned on the first read cycle 89H, the manu- 
facturing code, while the second read cycle returns the device ID code (see the Device ID Table 
below). If the part does not read correctly, then exit the update program. 
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Device Type 

Device ID 

28F256 P1C2 Sb62 

B1H 

28F256A 

B9H 

28F512 

B8H 

28F010 

B4H 

28F020 

BDH 


Note: During the initialization, you can also perform a scan of the adaptor space to ascertain if 
there is more flash in the system. This will help determine if there is any flash applications 
present that may need to be updated. See code example in appendix B “Get_Flash_ID.” 

4.4 Code Loader Routine 

The routine used for the BIOS demo prompts the user for file type (Hex or Binary) and then the 
file name. System OEMs may want to encode the BIOS file name into the generic loader utility 
“.COM” or “.EXE” file. This allows automatic reading of the new BIOS file into a program 
buffer, bypassing the user prompt. Otherwise, you may want to duplicate the process listed here. 
First, the file loader portion of the utility checks for available space left in flash memory, 
assuming the size of the BIOS file is known. Since the available flash memory check is accom- 
plished in the initialization section (under device ID check), sizing information is already known. 
Extra space within a chip is determined by subtracting out the BIOS file size from the total flash 
memory space found. This extra space can easily be used for MS DOS ROM-executable (or 
similar OS), or other ROM-executable software packages that can fit in whatever space is left 
over by the BIOS. 

Once the files are loaded, inform the user what is about to be done and provide the option to 
exit if they wish. If they continue, give a warning message telling the user to not turn off the 
power during the BIOS update procedure. Next, disable all interrupts to ensure an uninterrupted 
reprogramming operation. 

4.5 Flash Reprogramming Routines 

4.5.1 QUICK ERASE™ ALGORITHM 

Flash memories chip-erase all bits in the array in parallel. The erase time depends on the V PP 
voltage level (11 . 4 V- 12.6V), temperature and the number of erase/write cycles on the part. See 
individual device data sheets for specific parametric influences on reprogramming times. 

Please note that all flash memory locations must be programmed to 00H before erasing the device. 
This provides equal charge throughout the array, insuring uniform and reliable erasure. 

The algorithm has three different timing delays (Figure 14). The first is an assumed delay when 
V PP first turns on. Systems that direct-wire 12 volts need not worry about this delay. The other 
two delays are the Erase Pulse (lOmS) and Erase Verify Pulse (6jjlS). See section “Timing 
Calibration” for a discussion of how to generate time delays for PC systems. 

4.5.2 QUICK-PULSE™ PROGRAMMING ALGORITHM 

Flash memories program with a modified version of the Quick-Pulse Programming™ algorithm 
used for U.V. EPROMs (Figure 15). Programming is accomplished via a closed loop algorithm 
consisting of lOfiS program pulses followed by the 6 (jlS program verify pulse. See section 
“Timing Calibration” for a discussion of how to generate time delays for PC systems. 
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START 
ERASURE [4] 



BUS 

OPERATION COMMAND 


Standby 


Standby 

Write 

Standby 

Read 

Standby 


Standby 


COMMENTS 


Wait for V PP ramp 
to V PPH (= 12.0V) [1] 


Use Quick-Pulse 
Programming™ (Fig. 4) 


Initialize Addresses, 
Erase Pulse Width, 
and Pulse Count 


Duration of Erase 
Operation (t W HWH 2 ) 

Erase Addr = Byte to verify; 
Verify [2] Data = AOH; Stops 
Erase Operation [3] 

twHGL 

Read byte to verify 
erasure 


Compare output to FFH 
increment pusle count 


Data = 00H, resets the 
register for read 
operations. 

Wait for V PP ramp 
to V PP l [1] 


Notes: 

1 . See DC Characteristics for the value of V PPH and V PP l. 3. Refer to principles of operation. 


2. Erase Verify is only performed after chip- 
erasure. A final read/compare 
may be performed (optional) after the 
register is written with the read command. 


4. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of 
the device. 
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BUS 

OPERATION 

COMMAND 

CQMMENTS 

Standby 


Wait for V PP ramp 
to V PPH (= 12.0V) [1] 



Initialize pulse-count 

Write 

Set-up 

Program 

Data = 40H 

Write 

Program 

Valid address/data 

Standby 

[2] 

Write 

Program 

Duration of Program 
Operation (t W HWHi) 

Write 

Data = COH; Stops [3] 
Program Operation 

Standby 


tWHGL 

Read 


Read byte to verify 
Programming 

Standby 


Compare data output 
to data expected 

Write 

Read 

Data = 00H, resets the 
register for read 
operations. 

Standby 


Wait for V PP ramp 
toV PPL [1] 



Notes: 

1. See DC Characteristics for the value of Vp PH and V PPL 

2. Program Verify is only performed after 
byte programming. A final read/compare 
may be performed (optional) after the 
register is written with the Read command. 


Figure 15. ETOX II Programming Algorithm 


3. Refer to principles of operation. 

4. CAUTION: The algorithm MUST BE FOLLOWED 
to ensure proper and reliable operation of 

the device. 
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4.6 Timing Calibration 

Intel’s flash memory uses the following time delays: 

• V PP turn-on delay (for systems w/out hardwired V PP ) 

• lOfiS timeouts for program 

• lOmS timeouts for erasure 

• 6|jlS timeouts for program or erase verify. 

Vpp-on delay 

Capacitors on the V PP bus cause an RC ramp. After switching on V PP , the delay required is 
proportional to the number of flash memory devices times 0. luF/device. lOOnS must pass after 
V PP reaches its final voltage threshold before the CPU writes to the command register. Systems 
with hardwired V PP eliminate this delay. 

Erase, Program & Erase/Program Verify timeouts 

By using the IOjjlS programming pulse width for program/erase verify delay (which has no 
maximum value), all three timeouts are reduced to two individual timing loops, a 10|xS loop 
and multiple 100p,S loops. There are essentially two methods for PC time delays. One utilizes 
the CPU and the other uses the CPU plus a standard system timer (8254) available in all PC 
architectures. 


4.6.1 USING THE PROCESSOR 


PC platform CPUs range in performance from the 5MHz 8086 to the new 33MHz 80486. Each 
processor has multiple running speeds and whether it uses a cached or non-cached I/F, so software 
timings tailored around one processor will not necessarily work for another. Therefore, separate 
timing routines are needed for each processor and each possible configuration. For an OEM with 
a small product offering, this may be acceptable. For an OEM with a wide range of systems and 
processor speeds, this becomes a software support issue. In the latter case, system timers provide 
a more universal solution. 



4.6.2 USING THE SYSTEM TIMERS TO SELF-CALIBRATE SOFTWARE DELAYS 

System timers help make time delays more consistent across processor lines. Caching can affect 
timing, so this should be turned off before starting a BIOS update. The software timer example 
in Appendix C uses the 8254 system timer to calibrate the necessary software delays for flash. 
First the timer is initialized to the correct mode. Second, a lOOp-S loop is checked by starting 
the timer, then starting the software loop. Once the software loop is finished, check the 8254. 
Adjust delay loop value accordingly. Next, the lOfiS is checked in the same fashion as the 100(jlS 
delay and adjusted. The values found are then used for program and erase time delays. 

Once reprogramming flash is completed, provide a message to user letting them know and then 
reboot the system. 
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5.0 SUMMARY 

5.1 Traditional BIOS Storage and Disadvantages 

Traditional BIOS storage has been in EPROM, which offers nonvolatility and external program- 
ming capability. In earlier PCs, the BIOS code was fairly simple (relative to today’s software) 
and updates were infrequent, so EPROMs were an acceptable BIOS storage medium. Today’s 
systems are much more sophisticated with many designs supporting the Intel 386™ /486™ pro- 
cessors and new bus architectures like MCA™ and EISA™ for the first time. Therefore, the 
potential for a change in the BIOS code is much greater and the frequency of change is likely to 
increase. A system designer may use EPROMs for BIOS storage to reduce initial system (com- 
ponent) costs, but the long-term update cost is much more than the difference between EPROM 
and flash memory components. A major manufacturer of PCs stated that a service call for a 
BIOS update with EPROMs can cost upwards to $300.00 for one update at one site. EPROM 
updates are also susceptible to bent leads during insertion by the technician, or more likely, the 
end user. Service is becoming a key differentiator between the multitudes of PC makers. Reducing 
the number of times a PC has to be opened for any reason increases customer confidence and 
promotes a reliable image. 

5.2 Advantages of an Updatable BIOS 

Using flash memory for BIOS storage provides a flexible code storage medium that allows the 
BIOS code to adapt to changing hardware and software conditions. BIOS updates in flash are 
inexpensive, via a floppy disk or modem 0 \ and thereby remove EPROM inventories, reduce 
packaging requirements, reduce total postage costs and reduce service cost for BIOS code updates 
by removing the need for a technician to do the update. A company that supports multiple OEMs 
can reduce version management control by using a flash BIOS and floppys for updates. An 
additional benefit is that not only the BIOS, but DOS itself can be stored in the same flash 
memory device. 

5.3 Advantages of Adding DOS in ROM 

Once the requirements for flash BIOS are met, all the capability is also in place for adding DOS 
in ROM. “Why put DOS in ROM?,” one might ask. For laptop/palmtop PCs, battery longevity 
is of paramount concern, followed closely by weight and increasing user RAM (640KB) space. 
Extra user RAM is needed for applications that need more than the typical 570K bytes (640KB- 
70KB) available with disk-based DOS. Digital Research Incorporated* and Microsoft both make 
DOS-in-ROM products that address these needs. MS-DOS ROM-executable 3.22 for example, 
reduces power and increases available RAM. Microsoft’s ROM-executable version of DOS is a 
full-function Version of MS-DOS 3.2. It features instant-on and employs only 15 KB of the 640KB 
MS-DOS user space, leaving the rest for applications. Since MS-DOS ROM-executable 3.22 
loads from adaptor space, both disk access and DOS load time are reduced. For laptops, anything 
that can reduce disk access equates to battery longevity. Laptops can reduce weight by using 
DOS in ROM and replacing the floppy drive with an IC card. Adding ROM-DOS to desktops 
also liberates additional user RAM for the same above reasons, but may not be beneficial on 
high speed 32-bit systems. 

Note: 

1 . Intel’s fast flash memory programming allows modem updates at 1 9.2K baud. 
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5.4 Advantages of Adding 1-4MB of Resident Code Storage 

There is a growing need for systems to be able to provide a small suite of bundled applications. 
Benefits to the user are reduced hard or floppy disk access, no power used to store the resident 
code, and instant-on as there is little time wasted transferring data over a disk I/O interface, the 
code loaded to RAM with a simple memory copy function or procedure or, in some cases, code 
is directly executed by the processor. Tandy Deskmate* is an example of such a system. Future 
versions of Deskmate-like user interfaces could easily be made flash-updatable. 

SRAM is too expensive and requires power to just store files. Furthermore, battery backup is 
not a reliable means of providing nonvolatility. Intel’s flash memory can provide user configur- 
ability for 1-4 M-bytes of code storage for just 2x-3x the cost of EPROMs, less than half the cost 
of SRAM. Applications such as Lotus 123™ and Wordstar™ also come in either a direct-execute 
“ROM” version, or a copy-from-ROM format. Many other ROM application software packages 
are in development, servicing the successful and growing needs of the laptop/palmtop computers. 
Therefore, if an application can be stored or runs from ROM, it can be stored, run and additionally 
updated from flash. 
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Appendices 

A. Software Routines to Enable Flash Writes and Reads 

B. Flash ID Software Routines 

C. Software Calibration Timers 

D. MS-DOS ROM executable-DOS Overview 
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APPENDIX A 

ENABLE FLASH WRITES AND READS 


before _get_flash proc near 

; Input: Nothing 

; Output: Aii registers preserved 

Function: 

; This routine is called during system initialization before any 
; access is attempted to the flash memory parts. The usage of this 
; routine is dependent on the system architecture. 

The known usages are: 

; 1. System can be placed in a state where F000 segment reads come 

; from ROM, and F000 segment writes go to ROM. 

; In this event, the system is placed into that state here. 

; 2. System cannot be placed in a single state where F000 segment 

; reads and writes are addressed to the ROM. 

; If the system protects the access to the shadow register via 

; an I/O lock mechanism, then the I/O lock is unlocked here. 

; If the system will be placed in states where shadow RAM read 

; access is enabled (e.g. while writing ROM), then this routine 

; must perform a shadow copy of the BIOS ROM (and if DOS is in 

; ROM, it must also be copied) here. 


push ax 
push cx 
push di 
push si 
push ds 
push es 

call wfibe ;In 30 1Z, lock port is Kbd controller 

cli 

mov al, SHADOW_UNLOCK 

out SHADOW_LOCK_PORT, al ;uniock shadow control register 

call read_rom_enbl ;set to read ROM / write RAM state 

mov ax, OFOOOh ;shadow the BIOS 

mov ds, ax ;This is necessary for the 301 Z 

mov es, ax ; because shadow may have not been 

xor si, si ;enabled, and enabling write ROM 
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xor 

di, di 

; access in the 30 1Z relies on the 

mov 

cx, 8000h 

presence of a shadowed BIOS. 

rep 

movs w 

» 

mov 

ax, OEOOOh 

;set up for possible EOOOh option 

mov 

ds, ax 

;ROM shadow 

mov 

es, ax 


xor 

si, si 


Xor 

di, di 


cmp 

ds:[si], word ptr 0AA55h ;test for option ROM 

jne 

unlock_done 


mov 

cx, 8000h 

;if present, then shadow it 

rep 

movsw 


unlock_done: 

sti 


* 

pop 

es 


pop 

ds 


pop 

si 


pop 

di 


pop 

cx 


pop 

ax 



ret 

before_get_flash endp 

write_rom_enbl proc near 

; Input: Nothing 

; Output: All registers preserved 

Function: Enable writes to the ROM area to go through to the 

; Flash parts 


push ax 

mov al, SHADOW_ON ;enable ROM writes 

out SHADOW.PORT, al 
pop ax 
ret 

write_rom_enbl endp 
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read_rom_enbl proc near 

; Input: Nothing 
; Output: All registers preserved 

; Function: Enable reads to the ROM area to go through to the 

; Flash parts 


push ax 

mov al, SHADOWJDFF ;enable ROM reads 

out SHADOW.PORT, al 
pop ax 
ret 

read_rom_enbl endp 
raise_vpp proc near 
; Input: Nothing 
; Output: All registers preserved 

; Function: Raise the Vpp voltage, and wait for it 

push ax 
push cx 
push dx 

mov dx, VPP_CONTROL ;Vpp control port 

mov al, VPP_ON ;On value 

out dx, al 

mov cx, 500 
delay_loop: 

call wait_100_micro ;call 100 microsecond delay 

loop delayjoop 

pop dx 

pop cx 

pop ax 

ret 

raise__vpp endp 
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lower_vpp proc near 
; Input: Nothing 
; Output: All registers preserved 

; Function: Lower the Vpp voltage, and wait for it 

push ax 
push cx 
push dx 

mov dx, VPP_CONTROL ;Vpp control port 

mov al, VPP_OFF ;Off value 

otit dx, al 

mov cx, 500 
delayJoop2: 

call wait_100_micro ;call 100 microsecond delay 

loop delayJoop2 

pop dx 

pop cx 

pop ax 

ret 

lower_vpp endp 
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proc near 


Input: Nothing 

Output: All registers preserved 

Function: Wait for the 8042 input buffer to be empty, and 

then exit. 


push ax 
push cx 
xor cx, cx 
jmp wfibe_check 

retry: 

call wait_100_micro 

wfibe_check: 

in al, 64h 
test al, 02h 
loopnz retry 

pop cx 
pop ax 
ret 

wfibe endp 

code ends 
end 


code ends 
end 


;wait 100 microseconds 
;check input buffer full 
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APPENDIX B 
GET FLASH ID 


get_flash_type proc near 

y 

Input: Nothing 

; Output: cy - set if not flash installed 

; All other registers preserved 


push ax 
push bx 
push cx 
push dx 
push si 

call get_flash_id 
mov FlashType, al 
cmp al, NO_FLASH 
je bad_flash 
clc 

jmp get_flash_exit 

bad_flash: 

mov bl, ErrorAttr 
mov cx, NoFlashLen 
mov dh, NOFLASH_ROW 
mov dl, NOFLASH.COL 
mov si, offset NoFlashMsg 
call put_string 
xor ah, ah 
Int 16 h 
stc 

get_flash_exit: 
pop si 
pop dx 
pop cx 
pop bx 
pop ax 
ret 


;send read flash ID command, interpret 
;save the Flash type code 


; attribute of prompt 
;display File read error 
;row position 
;column position 


get_flash_type endp 
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get_flash_id proc near 
; Input: Nothing 

Output: al - flash memory space / ID types 

; Function: Return code for Flash part types and memory 

; map. Possible codes specified in flash. inc 


RE AD_ID_CMD„OLD_25 6 equ 080h 


RE AD_ID_CMD_25 6 
RE AD_ID_CMD_5 1 2 
RE AD_ED_CMD_ 1 024 
MANU_CODE 
ID_CODE_OLD_25 6 
ID_CODE2_OLD_256 
ID_CODE_256 
ID_CODE_512 
ID_CODE_ 1 024 



equ 

090h 


equ 

090h 

equ 

090h 


equ 

089h 



equ 

OBlh 

equ 

0B2h 


equ 

0B9h 


equ 

0B8h 


equ 

0B4h 



push di 
push es 

mov RmForDos, byte ptr FALSE ;default state 
call raise_vpp ;Set Vpp = 12 volts 


•;Tests for 128K of flash 


mov 

ax, OEOOOh 

;BIOS ROM segment 

mov 

es, ax 

;E000:0000 is the address to test for 

xor 

di, di 

;Two 512s or One 1024 


; ;5 1 2 x 2 test 

The 512 x 2 test tests the high ROM. This will prevent accidental 
mis-detection of a pair of 512K ROMs in systems that have only 
one 512K part, and memory accesses to E000 segment are mapped into 
the F000 segment. This also allows an independent test for two 512K 
parts that are not odd-even byte interleaved. 

call write_rom_enbl ;enable write of command to ROM area 

mov es:[di+l], byte ptr RE AD_ID_CMD_5 1 2 

call word ptr Delay lORout ;wait 10 microseconds 

call read_rom_enbl ;enable read of results from ROM area 

mov al, es:[di+l] ;test at high ROM byte 0 

cmp al, MANU_CODE ;test for manufacturers code 

jne test_one_1024 

mov al, es:[di+3] ;look at High ROM byte 1 for ID 
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cmp 

al, ID_CODE_512 

;test for part ID 

jne 

test_one_1024 


mov 

al, TWO_512 

;Found two 512s 

mov 

RmForDos, byte ptr TRUE 

jmp 

have_flash 


9 

; 1024 x 1 test 

test_one_1024: 


call 

write_rom_enbl 

;enable write of command to ROM area 

mov 

es:[di], byte ptr RE AD_ID_CMD_ 1 024 

call 

word ptr Delay lORout ;wait 10 microseconds 

call 

read_rom_enbl 

;enable read of results from ROM area 

mov 

al, es:[di] 


cmp 

al, MANU_CODE 

;test for manufacturer’s code 

jne 

test_64k_flash 


mov 

al, es:[di+2] 

;look at offset 1 of chip 0 

cmp 

al, ID_CODE_1024 

;test for part ID 

jne 

test_64k_flash 


mov 

al, ONE_1024 

;Found one 1024 

mov 

RmForDos, byte ptr TRUE 

jmp 

short have_flash 



;Tests for 64K of flash only 


test_64k_flash: 



mov 

ax, OFOOOh 

;BIOS ROM segment 


mov 

es, ax 

;F000:0000 is the address to test for 


xor 

di, di 

;TWO 256s or ONE 512 

» 


;256 x 2 test 


;The 256 x 2 test tests the high ROM. This allows an independent test 
Tor two 256K parts that arc not odd-even byte interleaved. 


call 

write_rom_enbl 

;enable write of command to ROM area 

mov 

es:[di+l], byte ptr READJD_CMD_256 

call 

word ptr DelaylORout ;wait 10 microseconds 

call 

read_rom_enbl 

;enable read of results from ROM area 

mov 

al, es:[di+l] 

;test at high ROM byte 0 

cmp 

al, MANU.CODE 

;test for manufacturers code 

jne 

test_one_512 


mov 

al, es:[di+3] 

;look at High ROM byte 1 for ID 

cmp 

al, ID_CODE_256 

;test for part ID 

jne , 

test_one_512 


mov 

al, TWO_256 

;Found two 256s 

jmp 

short have_flash 
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; ;5 12 x 1 test 

test_one_512: 


call 

write _rom_enbl 

;enable write of command to ROM area 

mov 

es:[di], byte ptr READ_ID_CMD_5 12 

call 

word ptr DelaylORout ;wait 10 microseconds 

call 

read_rom_enbl 

;enable read of results from ROM area 

mov 

al, es:[di] 


cmp 

al, MANU.CODE 

;test for manufacturer’s code 

in® 

f*»ct hi/n nIH 


mov 

al, es:[di+l] 

;look at offset 1 of chip 0 

cmp 

al, ID_CODE_512 

;test for part ID 

jne 

test_tvvo_old_256 


mov 

al, ONE_512 

;Found one 512 

jmp 

short have_flash 


» 

; 01d 256 x 2 test 

te s t_t wo_old_2 5 6 : 


call 

write_rom_enbl 

;enable write of command to ROM area 

mov 

es:[di], byte ptr READ_JD_CMD_OLD_256 

call 

word ptr DelaylORout ;wait 10 microseconds 

call 

read_rom_enbl 

;enable read of results from ROM area 

mov 

al, es:[di] 


cmp 

al, MANU_CODE 

;test for manufacturer’s code 

jne 

not_two_256 


mov 

al, es:[di+2] 

;look at offset 1 of low ROM 

cmp 

al, ED_CODE_OLD_25 6 ;test for part ID 

je 

is_two_256 


cmp 

al, ID_CODE2_OLD_256 ;test for 2nd possible part ED 

jne 

not_two_256 


is_two_256: 



mov 

al, TWO_OLD_256 

;Found two 256s 

jmp 

short have_flash 


not_two_256: 



mov 

ah, al 

‘.debugging code 

mov 

al, NO_FLASH 


have_flash: 



call 

write_rom_enbl 

•.enable write of command to ROM area 

mov 

es:[di], byte ptr READ_MEM_CMD ; Allow memory read 

call 

lower_vpp 

;Clear Vpp 

pop 

es 


pop 

di 



ret 

get_flash_id endp 
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appendix c 

CALIBRATION TIMERS 

» 

Timer.asm - Timer utilities for flash.com 


; Included in this file are: 

; rpt_l_milli - execute 1 millisecond delay "ex" times 

; wait_l_milli - wait 1 milllisecond and exit 

; wait_100_micro - wait 100 microseconds and exit 

; wait_10_micro - wait 10 microseconds and exit, loop version 

; wait_10_micro2 - wait 10 microseconds, push/mov r,m/pop/ret 

; wait_10_micro3 - wait 10 microseconds, push/pop/ret 

wait_10_micro4 - wait 10 microseconds, ret only 

; calc_spdl0 - calibrate 10 microsecond loop 

; calc_spdl00 - calibrate 100 microsecond loop 

*, try_calb - test 10 or 100 microsecond loop 

; beep_spkr - beep the speaker 

TRUE equ 1 

FALSE equ 0 

Include Flash.inc ;flash utility specific equates 

code segment byte public ’code* 
assume esreode 

PUBLIC calc_spdl0, calc_spdl00, wait_100_micro, wait_l_milli, beep_spkr PUBLIC 

rpt_l_milli 

TICKS equ 175 ;ticks in 100 microseconds 

PIT_MODE equ 43h ;Timer 0, Timer 2 control register 

PIT0_CNT equ 40h ;Timer 0 count register 
PIT2_CNT equ 42h ;Timer 2 count register 

SYS_PORT_A equ 61h ;System Control Port A 

PUBLIC DelaylORout 

DELAY_ROUT_MAX equ 3 

DelaylORout dw ? ;Routine used for delaying 10 microseconds 

DelayRoutNum dw ? ;Index into table of delay routines 

Delay RoutTbl dw wait_10_micro 

dw wait_10_micro2 

dw wait_10_micro3 

dw wait_10_micro4 

DelayCntlO dw ? 

DelayCntlOO dw ? 

CalbLoopSiz dw ? 
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rpt_l_milli proc near 

; Input: cx - number of times to wait 1 millisecond 
; Output: All registers preserved 

; Function: Do nothing for a period equal to 1 millisecond 

; times the repeat count in cx. 


push cx 
Ioop_l_milli: 

call wait_l_milli ;wait 1 millisecond 
loop loop_l_miIli 
pop cx 
ret 


rpt_l_milli endp 
wait_l_milli proc near 
Input: Nothing 

; Output: All registers preserved 

; Function: Wait 1 millisecond and then exit 


push cx 
mov cx, 10 
loop_100_micro: 

call wait_100_micro ;wait 100 microseconds 
loop loop_100_micro 
pop cx 
ret 

wait_l_milli endp 
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wait_100_micro proc near 
; Input: Nothing 

; Output: All registers preserved 

; Function: Wait 100 microseconds and then exit. Uses a purely 

; software delay loop. The initial value of the 

; delay loop is stored in the variable DelayCntlOO. 

push cx 

mov cx, DelayCntlOO 
self 100: 

loop selflOO 
pop cx 
ret 

wait_100_micro endp 

wait_10_micro proc near 

; Input: Nothing 

; Output: All registers preserved 

Function: Wait 10 microseconds and then exit Uses a purely 

; software delay loop. The initial value of the 

; delay loop is stored in the variable DelayCntlO. 


push cx 

mov cx, DelayCntlO 

self: 

loop self 
pop cx 
ret 

wait_10_micro endp 
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wait_10_micro2 

proc near 


; Input: Nothing 


* 

; Output: 

All registers preserved 


; Function: 

Wait 10 microseconds and then exit, 
some instructions to kill time. 

Uses only 

push cx 
mov cx, 
pop cx 

ret 

DelayCntlO 


wait_j,0_micro2 

endp 


wait_10_micro3 

proc near 


; Input: Nothing 


Output: 

All registers preserved 


Function: 

Wait 10 microseconds and then exit 
some instructions to kill time. 

Uses only 


push cx 
pop cx 
ret 


wait_10_micro3 endp 
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calc_spdlOO proc near 

; Input: Nothing 

; Output: All registers preserved 

; Function: Attempt to calculate the loop count by testing 

; different values for the loop delay for a 100 

; microsecond wait routine. 


push ax 
push bx 
push si 

mov CalbLoopSiz, word ptr 10 ;10 * 100 = 1000 

mov DelayCntlOO, byte ptr 100 ;try 100 first 
mov si, offset wait_100_micro 
mov Delay lORout, si 

retry_calbl00: 

call try_calb ;see what delay cnt value is returned cmp bx, 

2350 ;see if its too low 

jbe inc_delayl00 ;if so increment delay value 

cmp bx, 2750 ;see if its too high 

jae dec_delayl00 ;if so decrement delay value 

jmp delay 100_cnt__set 

inc_delayl00: 

inc byte ptr DelayCntlOO 

jmp retry_calb 1 00 

dec_delayl00: 

cmp DelayCntlOO, byte ptr 1 ;see if we bottomed out 
je delay 100_cnt_set 

dec byte ptr DelayCntlOO 

jmp retry_calblOO 

delay 100_cnt_set: 
pop si 

pop bx 

pop ax 

ret 

calc_spdl00 endp 
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calc_spdlO proc near 
Input: Nothing 

Output: ax - loop count for 10 microsecond delay 


Function: 


Attempt to calculate the loop count by testing 
different values for the loop delay for a 10 
IlllCiUhcCOuu wait routine. 


push 

push 

push 

mov 

mov 

mov 

mov 

retry_calb: 


ax 

bx 

si 


CalbLoopSiz, word ptr 100 
DelayCntlO, byte ptr 20 
DelayRoutNum, word ptr 0 
si, offset wait_10_micro 


;100 * 10 = 1000 
;try 20 first 

;start with loop routine 
; start with standard routine 


mov 


call 

try_calb ;see what delay ent value is returned 

2200 

;see if its too low 

jbe 

inc_delay ;if so increment delay value 

emp 

bx, 2600 ;see if its too high 

jae 

dec_delay ;if so decrement delay value 

jmp 

delay__cnt_set 

inc_delay: 

inc 

byte ptr DelayCntlO 

jmp 

re try _c alb 

dec_delay: 

emp 

DelayCntlO, byte ptr 1 ;see if we bottomed out 

je 

delay_rout_chg 

dec 

byte ptr DelayCntlO 

jmp 

retry_calb 

delay_rout_chg: 

inc 

word ptr DelayRoutNum 

mov 

ax, DelayRoutNum 

emp 

ax, DELAY_ROUT_MAX 

ja 

delay_cnt_set 

shl 

ax, 1 ;convert to word index 

mov 

si, offset DelayRoutTbl 

add 

si, ax 

mov 

si, [si] ;fetch new delay routine offset 

mov 

Delay lORout, si ;put in standard vector 

jmp 

retry_calb 

delay_cnt_set: 

pop 

si 

pop 

bx 

pop 

ax 

ret 

calc_spdl0 

endp 


Delay lORout, si 
emp bx. 
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try_calb proc near 

; Input: Nothing 

; Output: bx = elapsed timer count 

; all other registers preserved 

; Function: Test current delay routine for 10 microseconds 

; and see how many time ticks go by when it is called 

; 10 times. Return timer tick count in bx. 

push ax 
push cx 

cli ; Disable Ints 

try_calbl: 

mov cx, CalbLoopSiz ;count out 1 millisecond delay 
xor al, al ; Set counter latch for 8254 

out 43h, al 

WaForlo 

in al, 40h ;Read high byte 

mov ah, al 

WaForlo 

in al, 40h ;Read low byte 

xchg ah, al 

mov bx, ax ;save count 

try_calb2: 

call word ptr Delay lORout 
loop try_calb2 

xor al, al ; Set counter latch for 8254 

out 43h, al 

WaForlo 
in al, 40h 

mov ah, al ;Read low byte 

WaForlo 

in al, 40h ;Read high byte 

xchg ah, al 

sub bx, ax ;Check for rollover 

jnc calb_exit ;Retum, if no rollover 

jmp try_calbl -.otherwise, repeat 

calb_exit: 
sti 

pop cx 

pop ax 

ret 

try_calb endp 
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beep_spkr proc near ;Make a sound at the speaker 

; Input: Nothing 
; Output: All registers preserved 


TIMEJCJHI equ 18 

TIME_K_LO equ 12772 

FREQUENCY equ 2000 


push 

ax 

push 

cx 

push 

dx 

mov 

al, 0B6h 

mov 

dx, TIME_K_HI 

mov 

ax, TIME_K_LO 

mov 

cx, FREQUENCY 

div 

cx 

out 

PIT2.CNT, al 

mov 

al, ah 

out 

PIT2_CNT, al 

in 

al, SYS_PORT_A 

or 

al, 003 h 

out 

SYS_PORT_A, al 

mov 

cx, OAOOh 

beepl: 


call 

wait_10_micro 

loop 

beepl 

in 

al, SYS_PORT_A 

and 

al, OFCh 

out 

SYS_PORT_A, al 

pop 

dx 

pop 

cx 

pop 

ax 

ret 


beep_spkr 

endp 

code ends 



end 


;Timer time constant 
.Hertz 

; notify 8253 that freq. data coming 

;count = 1,193,280 / frequency 
;send low byte 
;prepare high byte 

; activate speaker 
; 1 to low two bits 

;time delay for sound 

;10 us delay 

Reactivate speaker 
;0 to low two bits 


out PIT_MODE, al 
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APPENDIX D 

MS-DOS ROM VERSION OVERVIEW 

Technical Highlights (Taken from Microsoft Product Overview) 

Ram Economy 

Because MS-DOS Rom Version executes from ROM, only 15KB of system RAM space is required 
for MS-DOS. For a typical user, this will result in a savings of about 40KB of RAM over disk- 
based MS-DOS. As a result of this savings, the user is able to run more programs and work with 
larger data files with the ROM Version than with disk-based MS-DOS. 

Instant-On 

MS-DOS ROM Version provides a significant reduction in “boot time,” or the amount of time 
it takes from the completion of the power-on self test until a DOS prompt appears. With the 
ROM Version, this typically takes one second. 

No End-User Installation 

MS-DOS ROM Version is pre-installed by the OEM (original equipment manufacturer) in the 
system, thus freeing end users from the task of installing MS-DOS. 

Adaptable to OEM Hardware Platforms 

MS-DOS ROM Version is structured such that it allows the OEM to include a specific routine 
to determine which drive to boot from and any specific parameters if booting from the ROM 
drive. This makes it possible to easily port the ROM Version to a wide variety of hardware 
environments. MS-DOS ROM Version is also positioned independent, in that it can reside any- 
where in the “reserved” space (the area between 640KB and 1MB). This provides an additional 
level of flexibility in allowing the OEM to adapt MS-DOS ROM Version to the specific require- 
ments of the OEM’s hardware platform. 

ROM Economy 

MS-DOS ROM Version occupies only 62 KB of ROM space, thus minimizing the amount of 
ROM that an OEM must include in the system. Three modules reside in the reserved space 
Command.com, IO.sys and the DOS Kernel. All three are position independent, so an OEM 
can decide where to place these modules in the reserved area. 

National Language Support 

Microsoft offers a full compliment of localized version of MS-DOS ROM Version, including 
Kanji and Chinese translations. 

Ease of Development 

As PCs become the engines for many embedded applications, manufacturers would like to 
develop new applications utilizing existing PC software tools. MS-DOS ROM allows manufac- 
turers to take full advantage of these tools. For instance, a programmer can develop and debug 
an application onto a PC subsystem which may be embedded into a larger system. This benefit 
translates into a cost savings when developing a solution for vertical markets. 


6-296 




u 


AP-343 


NOTE 


October 1 990 


Solutions for High Density 
Applications 

Using Intel Flash Memory 


MARKUS A. LEVY 
DALE ELBERT 

APPLICATIONS ENGINEERING 
INTEL CORPORATION 


Order Number: 292079-001 


6-297 



Solutions For High Density Applications 
Using Intel Flash Memory 


CONTENTS PAGE 

INTRODUCTION 6-299 

ADVANCED PACKAGING 6-299 

Plastic Leaded Chip Carrier (PLCC) 6-299 

Thin Small Outline Package (TSOP) 6-300 

Single In-Line Memory Module (SIMM) . . 6-301 
Memory Cards 6-304 

HARDWARE DESIGN 
IMPLEMENTATIONS 6-306 

Design Example — A Paged-Mapped 
Memory Board 6-306 

Optional Board Features 6-317 

Initializing Software for the Paged 
Memory Board 6-321 

Linear Addressing 6-323 

I/O Addressing 6-324 

Capacitive Loading 6-326 


CONTENTS page 

SOFTWARE DESIGN 

IMPLEMENTATIONS 6-327 

Data Recording 6-327 

Interleaving 6-327 

Write-Once-Read-Many (WORM) 

Drives 6-331 

Disk Emulation 6-336 

Creating a Bootable Drive 6-336 

WHY FLASH ? — CHARACTERISTICS 
OF INTEL FLASH MEMORY 6-336 

Power Consumption Comparison 
(Watts) 6-336 

Data Access Time 6-336 

Reliability 6-337 

Weight 6-338 

SUMMARY 6-338 

APPENDIX A 6-339 

SCHEMATICS 6-345 


6-298 



AP-343 



INTRODUCTION 

Mass storage encompasses many different technologies. 
Though commonalities exist, mass storage strives for 
nonvolatility, low cost per bit, and high density. Disk 
drives provide the best known example. However, 
many environments now require higher performance 
and reliability with lower power consumption, even at 
the expense of capacity. Flash memory uniquely meets 
these demands. 

Flash memory can be used as a mass storage medium in 
applications including factory automation, notebook 
computers, high-end workstations, point of sale termi- 
nals, and data acquisition systems. Even desktop com- 
puters benefit from solid-state storage. The motivation 
to incorporate flash memory in any of these applica- 
tions becomes obvious to the system designer who un- 
derstands flash memory’s benefits and density projec- 
tions. 

In an effort to understand these benefits, this document 
includes both conceptual and application oriented dis- 
cussions. These discussions will be kept to a minimum 
with the real focus being on specific design techniques 
and considerations. 


ADVANCED PACKAGING 

Mass storage is synonymous with high density. Disk 
drives have increased the bit density of the rotating me- 
dia via material improvements and closer tolerances. 
For semiconductors, density requires advanced packag- 


ing as well as higher capacity silicon (improved photoli- 
thography). Intel’s Flash Memory devices are based on 
the company’s EPROM Tunnel Oxide (ETOX™) 
technology that enables the high degree of scaling re- 
quired to achieve high density. 

Intel offers the high density flash memories in several 
package types. The standard packages are the Plastic 
Dual In-line Package (PDIP), the Plastic Leaded Chip 
Carrier (PLCC), and the Thin Small Outline Package 
(TSOP). modular packaging in the form of 

Single In-line Memory Modules (SIMM) and IC mem- 
ory cards (small enough to fit in your shirt pocket), 
provide the total solution. 

Which package would be best for your application? 


Plastic Leaded Chip Carrier (PLCC) 

The engineer striving to reduce board space is already 
using surface-mounted technology, such as PLCC. The 
PLCC is seen frequently on PC add-in cards and moth- 
erboards. Compared to the DIP, PLCC uses as little as 
35% the overall board space. Its small size, compared 
to the DIP, is attributed to the terminal center-to-cen- 
ter spacing — 50 mils versus 100 mils — as well as its 
four-sided pinout. No drilling or lead-cutting is neces- 
sary as leads are soldered directly to pads on the circuit 
board. The PLCC’s 50-mil pad pitch is compatible with 
most circuit board manufacturing equipment. Addi- 
tionally, components can be mounted on both sides of 
the board. However, the four-sided PLCC generally re- 
quires the use of a multi-layered board to lay out con- 
ductor traces for maximum compaction. 
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The TSOP is available in standard and reverse pin con- 
figurations (Figure 1). Pins are located on only two 
ends of the package. This approach simplifies trace lay- 
out while reducing the number of board layers because 
traces can be routed out the non-leaded sides of the 
devices. Very dense board layouts are accommodated 
because components can literally be laid out end-to-end 
and side-by-side. Figure 2 displays an optimal layout 
best utilizing the TSOP’s attributes. The close spacing 
allows one bypass capacitor to be used for two devices 
(provided they are not simultaneously selected). This 
optimal component layout can be mirror-imaged 
through the board to easily double the memory capaci- 
ty. 



Figure 1. 28F020 32-Lead TSOP— Standard and Reverse Pinouts 


Thin Small Outline Package (TSOP) 

When overall space constraints are critical, the TSOP is 
the best choice. This is best exemplified by IC memory 
cards. Low height is the key attribute of the TSOP, 
measuring 1.2 mm versus 3.5 mm for the PLCC. (Me- 
chanical drawings in Appendix.) State-of-the-art cen- 
ter-to-center terminal spacing of 0.5 mm yields a small- 
er package and narrower conductor traces than the 
PLCC or DIP. In comparison, the volume of the TSOP 
is 172.8 mm 3 versus 656.3 mm 3 for the PLCC and 
1872.3 mm 3 for the DIP. 
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Figure 2. TSOP Optimal Layout: Highest Density Configuration 


Single In-Line Memory Module (SIMM) 

The SIMM is optimal where minimized board space 
and upgrade capability are required. Compared to us- 
ing 8 discrete PLCCs plus capacitors (3019.4mm 2 ), the 
equivalent memory capacity SIMM (926.1mm 2 ) con- 
sumes 70% less motherboard real estate. 

The Intel Flash Memory SIMM is an 80-pin, 0.050 mil 
centerline lead spaced, insertable module designed with 
a 16-bit wide data bus interface. Intel’s SIMM pin con- 
figuration allows convenient implementation: 

• No Address or Data Bus Multiplexing — RAS # and 
CAS# are not needed; 

• Reserved Pins — For product expansion and en- 
hancements: Upgrade capability to 128 Mbytes; 

• Presence Detect Eliminates Jumpering — Simplifies 
user installation. 


The 80-pin definition of the flash memory SIMM in- 
cludes 7 pins for Presence Detect (PD). (See Appendix 
or SIMM Data Sheet.) The PD pins are read to deter- 
mine module memory capacity and speed of the devic- 
es. The PD pins are either Open circuit or Shorted to 
ground. By attaching a pull-up resistor to each pin, 
Open circuits will read as a binary 1 and Shorts as a 
binary 0. Before implementing the presence detect fea- 
ture, define your system criteria: 

How many modules will be used? 

Decide how much total memory your system is to con- 
tain. The limit is dictated by the space available, as well 
as cost. 

Flash memory SIMMs can easily accommodate different 
memory capacities and speeds. Could your system han- 
dle mismatched SIMMs? 
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There are two basic design implementations for inter- 
preting presence detect information. The first approach 
requires that matching SIMMs are used. The PD pins 
of all SIMMs are tied to one transceiver that is read as 
an I/O port (Figure 3). 

Invalid reads occur if the user installs mismatched 
SIMM configurations. Any PD pin shorted to ground 
makes an open circuit pin appear as a binary zero (0). 
Mixing module speeds is acceptable, but the PD pins 
reflect the slower module. 

The second approach, allowing any mixture of flash 
SIMMs, requires more hardware and software for inter- 
pretation. The PD pins from each SIMM have separate 


transceivers, resistors, and I/O ports (Figure 4). Flexi- 
bility is increased at the expense of board real estate. 

Assume your system accommodates several SIMMs but 
complete population is not needed. Can the system han- 
dle empty sockets? 

SIMM upgrade capability is not limited to increases in 
memory density. A system may be designed with sever- 
al SIMM sockets on the circuit board. To keep initial 
end-customer costs down, the system ships with only 
one SIMM installed. This provides the option of popu- 
lating the empty sockets at a later time. The PD pins 
are designed to eliminate jumper or software setups by 
the end-user when SIMM upgrades are made. 



+5 

u 


A 0-6 

D 74HC245 G 


? 



I/O PORT_1 Enable I/O PORT_2 Enable I/O P0RT_3 Enable 

+5 


I Each PD line Is attached to a 
1 separate 1 00k resistor tied to 
+5V. 


I/O P0RT_4 Enable 
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Figure 4. Multiple I/O Transceivers Are Needed if Mismatched SIMMs Are Used 
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Using the previous scenario, will it matter which socket is 
used? In other words, what is the installation procedure? 

With respect to the PD feature, it does not matter 
which sockets are full. (However, most designers re- 
quest that sockets are filled in sequential order to mini- 
mize hardware and softwear requirements.) To explain 
this, look again at the bit-level interpretation of the PD 
pins. An empty socket also appears as an open circuit. 
Your software can determine a full (or empty) socket in 
one of iwu wayS: 

Method One (Figure 3) — Reading the PD pins is insuf- 
ficient. An empty socket will reflect the value of the full 
socket. Your software will have to read the chip level 
device identifier hardwired in each flash memory de- 
vice. (See Intel Flash Memory data sheets regarding 
int e ligent™ identifiers.) Reading an invalid device 
identifier from a SIMM address signifies an empty 
socket. Software demonstrating the use of this method 
to determine memory capacity is discussed further in 
the section on “Verifying Paged Memory Board Func- 
tionality”. 

Method Two (Figure 4) — Each SIMM’s PD pins are 
read separately. Reading all ones (the result of all Open 
circuits) signifies an empty socket. The chip level device 
identifiers should still be read to establish the number 
of flash memory devices on the SIMM. 


Presence Detect for WAIT-State 
Interpretation 

Using Method One or Method Two from above, the 
device speed information is read from the pins. This 
information can be interpreted by software to issue the 
proper command to the system’s programmable 
WAIT-state generator. By guaranteeing the use of 
matching SIMMs, the WAIT-state generator would not 
have to be reprogrammed each time a different SIMM 

iS aCCCSSCu. 

A hardware driver alternative implements an 85C220 
EPLD configured with an internal counter (Figure 5). 
The rising edge of the clock, following Chip Enable 
going active, latches the count value derived from the 
PD speed pins (Figure 6). 

Each subsequent risin g edge of the clock input decre- 
ments the counter. A READY signal is output to the 
CPU (or the system’s READ Y logic c ircuitry) when 
the count reaches zero (0). The READY signal remains 
active until LOAD (Chip Enable, CE) goes inactive at 
the completion of the bus cycle. 

The clock signal for the internal EPLD counter is de- 
rived directly from the CPU, therefore the count rate 
and WAIT-states will be system dependent. An EPLD 
Advanced Design File was generated to demonstrate 
this application. (See Appendix A.) This is a straight- 
forward approach until designing systems, such as pow- 
er-saving laptops, that have changeable system clock 
rates. 
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Figure 5. WAIT-State Generator Using an EPLD Configured as a Counter 
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Figure 6. Timing for SIMM Presence Detect WAIT -State Generator 


Memory Cards 

Many laptop and notebook computer manufacturers 
are pursuing the IC memory card to incorporate a re- 
movable mass storage medium. This is an ideal applica- 
tion for the Intel Flash Memory TSOP, due to the 
package’s minimal height. 


Solid-State Memory Alternatives 

ROM and SRAM are currently the dominant IC card 
memory technologies. ROM has the advantage of being 
inexpensive, but is not changeable. When newer soft- 
ware revisions (e.g. Lotus* 123, Wordstar**, etc.) are 
available, the user must buy a new ROM card for each 
upgrade. Intel Flash Memory’s reprogrammability 
minimizes the user’s expense and the OEM’s inventory 
risk. 

SRAM is reprogrammable but batteries are required to 
maintain data, risking data loss. Like magnetic disks, 
flash memory is truly nonvolatile and thus has virtually 


infinite storage time with power off (10 years minimum, 
100 years typical). Additionally, SRAM is expensive 
and not a high density solution. Intel Flash Memory 
provides a denser, more cost effective and reliable solu- 
tion. 

System level cost is about the same for Intel Flash 
Memory and SRAM + battery — 

Flash memory requires 12V for programming and eras- 
ing. If a 12V supply is not available, 5V can easily be 
boosted. (See Application Note AP-316.) SRAM + 
battery requires battery state detect circuitry. 

Card level cost differences are substantial (Figure 7) — 

SRAM must have a battery to retain data. It also re- 
quires a Vcc monitor and Write Lockout circuitry. In- 
tel’s Flash Memory only requires Write Lockout cir- 
cuitry (switching Vpp to 0V is an alternative write pro- 
tect). This leads to increased area for memory compo- 
nents. More importantly, Intel’s Flash Memory density 
is 4 times that of static RAM, yielding for lower cost 
per bit. 


CARD LEVEL 



Figure 7. Support Circuitry Cost Comparison 


* LOTUS® is a registered trademark of LOTUS Development Corporation. 
** WORDSTAR® is a registered trademark of MICROPRO. 
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Designing a PCMCIA/JEIDA Standard 
Memory Card 

Choosing among IC card design options depends on 
card architecture (standardization), memory capacity, 
data bus width, card intelligence, Vpp generation, and 
reliability. 

What are the advantages of a standardized memory card 
pinout? 

From the computer system’s viewpoint, a standardized 
pinout enables the use of multiple third-party memory 
cards. This ensures competitive pricing and wide avail- 
ability. From the memory card point of view, standard- 
ization allows use in a variety of systems. 

The Personal Computer Memory Card International 
Association/Japan Electronic Industry Development 
Association (PCMCIA/JEIDA) 68-pin format is the 
emerging IC memory card standard. Several proprie- 


tary formats are also available from their respective 
manufacturers, but these same manufacturers now offer 
PCMCIA/JEIDA versions. The PCMCIA/JEIDA 
standard specifies physical, electrical, information 
structure, and data format characteristics of the card. 
This standard accommodates either 8- or 16-bit data 
bus widths. 

The following 2 Mbyte memory card design provides a 
byte-addressable interface using 8-28F020s (2 Mbit, 
256k x 8 devices) as shown in Figure 8. While TTL 
equivalent interfacing is shown, most cards will use 
gate arrays to reduce chip count. Address lines A 18 
and A19 are decoded with a 2-to-4 decoder (74HC139) 
to generate high and low byte chip select signals for 
each of the 4 pairs of flash memory devices (one pair = 
high and low byte) . T he PC MCIA/JEIDA format 
specifies inputs CSL and CSH (along with the AO ad- 
dress line) which select the low and high byte, respec- 
tively. 



Figure 8. Decoding for PCMCIA/JEIDA Standard Bus Interface 
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According to the PCMCIA/JEIDA standard, the 
memory card is designed with the flexibility to have 
both an 8-bit or a 16-bit interface, dependent upon the 
machine it is plugged into. When the memory card is 
plugged into an 8-bit system, the high byte transceiver 
is multiplexed to the low byte of the system. In Figure 
8, the highlighted transceiver (#2), maps the upper 
byte to the lower byte of the data bus (i.e., Ds-is to 
Dq_ 7 ). Signals are decoded according to the truth table 
in the Appendix. (1, 2, and 3 denote transceiver num- 
bers of Figure 8.) 

One can double the memory capacity and select from 
among 8 pairs of flash memory devices by using a 3 to 8 
decoder with inputs A 1 8-20* Notice that additional 
transceivers are not needed to support the additional 
data fanout. (See section on capacitive loading.) 

HARDWARE DESIGN 
IMPLEMENTATIONS 

Paged, linear, and I/O are the three fundamental ad- 
dressing methods that can be used for accessing an ar- 
ray of memory devices. Linear addressing offers the 
fastest and most direct access to a memory array. It 
consumes the largest portion of the system’s memory 


and is only practical in a 386TM microprocessor (or 
other 32-bit processor) family system because of the 
large memory space available above 1 Mbyte. The I/O 
mapped memory array consumes the smallest amount 
of the system address space but has the lowest perform- 
ance. A page-mapped memory array, also called a slid- 
ing AT window, is a hybrid of the linear and I/O de- 
signs. The memory array is usually very large relative 
to the system interface, consisting of pages typically 
ranging in size from 8 Kbytes to 64 Kbytes. (LIM-EMS 
use four to twelve 16 Kbyte pages.) 


Design Example — A Paged-Mapped 
Memory Board 

A paged design employs addressing techniques similar 
to the Lotus-Intel-Microsoft expanded memory specifi- 
cation (LIM-EMS). It allows access to one or more 
sections (or pages) of the flash memory array at a time. 
This minimal interface is particularly useful within the 
DOS 1 Mbyte memory space. The DOS map (Figure 9) 
shows 128 Kbytes of memory space available in the 
Optional I/O Adapter ROM area. LIM-EMS, LAN, 
the flash memory design discussed in the following sec- 
tions, and other accessory cards can use this area. 





EXTENDED 

MEMORY 

100000H (1 MByte) 


PC/XT/ AT PS/2 
R0M-BI0S 



PC/AT PS/2 
ROM-BIOS 

rrmnnH 

PAGE MEMORY BOARD CAN 

BE INSTALLED 

WITHIN THIS 

128 Kbyte AREA 

X 

OPTIONAL I/O 
ADAPTER ROM 

rnnnnH 


DISPLAY 

BUFFERS 

vw uuun ^ / uok j 

A0000H (640k) 


APPLICATIONS 

DEVICE DRIVERS 

DOS 

00000H 
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Figure 9. DOS Memory Map 
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Figure 10 shows the block diagram of the page-mapped 
flash memory board design. (Except for the addressing 
method, all the functional components of this board 
could be used on a linear or I/O mapped flash memory 
array.) This PC-AT*** compatible design example 
consists of a flash memory array (using SIMMs) and 
the corresponding memory and I/O decoding, Vpp 
generation, and the interface to the system bus. (Comp- 


onent numbers shown with the following diagrams cor- 
relate with the actual schematics in the appendix.) A 
page size of 64 Kbytes is used. Depending on the sys- 
tem’s configuration, memory contention may require a 
smaller page size. (Note that the LIM EMS 4.0 stan- 
dard uses 4 contiguous 16 Kbyte pages. Multiple pages 
can exist as space permits.) 
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Figure 10. Page-Mapped Flash Memory Board 


***PC-AT® is a registered trademark of International Business Machine Corporation. 
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The Decoding Scheme 

The Intel Flash Memory on this board is installed in 4 
SIMM sockets. With a fully populated board, the mem- 
ory capacity ranges from 4 Mbytes to 16 Mbytes de- 
pending on the SIMM density used. 

Dep e nding on the density, up to e ight chip enables, 
CE 0 -CE 7 , are used on a SIMM (4 CEs for 8 -chip, 8 
CEs for 16-chip SIMMs). Standard decoding tech- 
niques generate separate chip enables, output enables, 
and write enables. This method has the disadvantage of 
having to accommodate a large number of traces. The 
addressing scheme incorporated in this design min- 


imizes the number of board traces neeed to select indi- 
vidual devices. Device selection is made on a row-col- 
umn basis w here: rows are Output En ables (OEs), 
Write Lows (WRLs), and Write Highs (WRHs) and 
columns are Chip Enables (CEs). (For low-powered 
systems, this method may be unacceptable because each 
chip enable activates a maximum of 8 components.) 
These signals are generated by decoding the page lines 
P 3 -P 7 (Figure 11, U22). (See Page Number section.) 
Pages within a component are selected by tying Pq, Pj 
and P 2 , respectively, into pins 37 (A 15 ), 36 (A 15 ), and 
35 (A 17 ) on the SIMM (Pin 35 on the iSMOOlFLKA is 
a no-connect (NC)). 



Figure 11. Individual Components Selected by Row-Column Addressing Saves Board Traces 
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Planning for upgrades also presents another interesting 
situation. The iSMOOlFLKA (1 Mbyte SIMM) has 
four chip enables (CE 0 -CE 3 ), one for each pair of com- 
ponents. The pair of compo nents r epre sent h igh and 
low bytes and are selected by WRH and WRL, respec- 
tively. 


1 Mbyte 

SIMM 

[(iSMOOl FLKA) 

2 Mbyte 

SIMM 

(16 * 28F010S) 

2 Mbyte 

SIMM 

/n * on rnon^\ 

(U CU 1 v_/ i — V vjy 

4 Mbyte 

SIMM 

(16*28F020s) 


The iSMOOlFLKA represents sixteen 64-Kbyte pages 
(eight 128-Kbyte components). To accommodate up- 
grade capability, pages within the iSMOOlFLKA will 
not be contiguous because a “4-page hole’’ exists every 
4 pages (P2 is attached to a no connect). To overcome 
this rearrange the page select lines with jumpers (Fig- 
ure 12 ): 

8 * 28F01 Os] JP2, JP4, JP6, JP8 
JP2, JP3, JP7, JP9 
JP1, JP3. JPR -IP7 
JP2! JP3! JP6’ JP7 


PO 

pi 

P3 


-► TO SIMM 
* TO SIMM 

TO CHIP ENABLE DECODER 


FROM PAGE 


SELECTING 


LATCHES 


P6 


P4 

P2 


P5 


P7 


I 


JUMPERS 
■O JP3 O 

-O 
•O 

-O JP8 O 
•O JP9 O 
•O JP5 O 

JP6 

_L 


JP4 O 
JP7 O 


-O JP2 O 


GND 


■O JP1 O 


► P6 

TO OE, WRL, WRH DECODERS 

► P4 

TO CHIP ENABLE DECODER 


► P5 

TO CHIP ENABLE DECODER 


TO OE, WRL, WRH DECODERS 
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Figure 12. SIMM Density Upgrading Jumpers 
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If a system is designed that uses PCMCIA/JEIDA 
standard memory cards instead of SIMMs, this decod- 
ing is greatly simplified. The memory card is treated 
like a large memory array. Using a 64 Kbyte page size 
as an example: 


Address lines Aq_i 5 are supplied directly from the sys- 
tem address bus (after buffering). Address lines Aj 6 _ 23 , 
which select the pages, are sent as data to a latch before 
entering the memory card (Figure 13). 



(from I/O decode circuitry, RESET 

not shown) (forces page zero on power up) 
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Figure 13. Memory Card Interfacing 
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The page inputs to the “Chip Enable” decoder (Figure 
14, U22) are redefined as follows: 

P3 = P3, P4 = P2, P5 = GND, 

P6 = P4, and P7 = P5. 


For a better understanding, you should verify the bit 
combinations while stepping through the first few 
pages. Notice that the sequencing of page numbers does 
not correspond linearly with the Chip Enables. This is 
not significant because the data is read the same way it 
is written. 


Page 

Chip 

Numbers 

Enable 

0, 1,2,3 

0 

4, 5, 6, 7 

2 

8, 9,10,11 

1 

12, 13, 14, 15 

3 


NOTE: 

Linear Page Selection Results in 
Nonlinear Chip Enable. 


74F138 

3 TO 8 DECODER 


PIN ARRANGEMENT 
AFTER JUMPERING 


A 

Y0 

B 


C 

Y1 


Y2 

U22 

Y3 


Y4 

G1 

Y5 

G2A 



Y6 

G2B 


Y7 


ENABLES FOR HIGH AND LOW BYTES 


CEt CEo CE, CE 0 


Figure 14. Component Selection Relative to Page Number for 1 Mbyte SIMM (iSMOOIFLKA) 
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I/O Decoding 

Multiple functions can be implemented with I/O de- 
coding access. Some examples include: reading the cur- 
rent window address, reading the presence detect pins, 
enabling Vpp, and reading/writing the page number. 
The eight consecutively addressed I/O ports on this 
board (4 reserved for optional features) are located at a 
user-selectable address. This base I/O port address is 
setup on an 8-byte boundary by using A 3 _iq as inputs 
to the 74F521 comparator (Figure 15, U30). When any 
of the eight consecutive I/O port addresses matches the 
dip switch settings (and AEN is low), the comparator 
outputs the I/O Decode Enable (to decoder U31). 


AEN (address enable), the chip select for the 74F521 
comparator, is supplied by the PC I/O channel. It dis- 
tinguishes processor bus cycles from DMA bus cycles. 
A high on AEN indicates that a DMA (or DRAM 
refresh) cycle is in progress and we must stay off the 
bus. The enables for the 74F138 IODECODER (U31) 
are provided b y IOD EC ODE ENABLE along with the 
“ANDing” of IOR and IOW. This decoder selects the 
I/O ports that access the page window address, the 
SIMM presence detect pins, the Vpp Enable, and the 
page number. Each of these I/O ports are described in 
detail: 


74F521 

COMPARATOR 



292079-31 

NOTE: 

•Discussed in Board Identifier section of optional features. 


Figure 15. User Selectable I/O Base Address for I/O Decoding 
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The Window Address 

The user-selectable window address can be set up on 
any 64K boundary below 1 Mbyte. (The memory win- 
dow should be placed between COOOOh and EOOOOh to 
be DOS compatible.) A DIP switch (connected to a 
transceiver for reading) and the four address lines Ai$_ 
19 are the inputs to the 74F521 comparator (Figure 16, 
U21). There are 16 possible window addresses. The 
comparator outputs the “Memory Decode Enable” 


signal when an address is selected that is within the 
64 Kbyte window. This signal (with AEN low) allows 
board level memory decode. 

The location of this 64 Kbyte window can be moved 
above 1 Mbyte by adding A 20-23 to the comparator’s 
inputs P 4 to P 7 of the 74F521. Bits D 4_7 of the data 
bus can be connected to the comparator’s pins Q 4 to Q 7 
to allow reading of the full base memory address. 


READ AS 10 PORT 
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♦NOTE: 

Ignore the contents within parentheses. This is used for section on master/slave configuration. 


Figure 16. User Selects Base Memory Address 
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Presence Detect generate their own 12V power supply. However, it 

should not be used if its regulation is greater than $%.) 
The method shown earlier in Figure 3, is used to con- On power-up, system reset, or when V C c is below 4.5V, 

figure the PD pins in this design. SIMMs can be added Vpp is forced off. It is enabled (or disabled) by writing 

incrementally only in similar densities. The SIMM PD to t he I/O p ort address (Figure 15, U31) that generates 

pins are read by selecting the appropriate I/O address the VPPEN signal. This on/off capability is essential 

that enables the 74F245 transceiver. for batte ry-operated equipment and eliminates the need 

for WE filtering (as discussed below). (See Int el data 
sheet for Vpp standby current.) T he VP PEN signal 
Vpp Generation “ORed” with the system I/O write, IOW, functions as 

the clock signal for the 74F74 D-flip flop ( Figure 17, 
Vpp is generated locally (on this board) to ensure a U42A). The D-input is latched when IOW goes high, 

stable, switchable 12V (±5%) supply. (Many systems Writing a one or a zero turns Vpp on or off, respective- 

ly. 



Figure 17. V PP and RESET Generation 
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Linear Technology’s LT 1072 (U41) switching regulator During system power-up, some probability exists that 

is used as a 5V to 12V boost converter. The FB input noise may generate spurious writes which are actually 

regulates the voltage output. The 10.7k and 1.24k resis- the sequence of flash memory commands that initiate 

tors are used to establish the correct reference voltage erasure or programming. Power-up protection in this 

to obtain 12V. The 100 juF capacitor at the output is design is provided by disabling Vpp until voltages have 

used to handle up to 200 mA. (See Linear Technology’s stabilized. The Motorola component, MC34064P 

LT1072 data sheet for more information.) Typically (U44), is an undervoltage sensing circuit that begins 

this will be much more than needed and a smaller ca- functioni ng when Vcc is above IV. B etween IV and 

pacitor can be used. However, this will accommodate 4.6V, the RESET output is active. The RESET output 

interleaving of 8 components but may not be practical or a system RESET clears the 74F74 (U42A), keeping 

in a battery-operated system. (See section on Imerieav- V pp on when V cc is less than 4.6V. Alternatively, this 

ing in the Software Design Implementation chapter.) signa l, or a supply’s “POWERGOOD” signal, may 

Additionally, sufficient time should be allowed when gate WE or CE, as is common with battery-backed 

switching Vpp on. The delay is a factor of the load on SRAM or EEPROM designs. As an example, the 

the line and the quality of the passive components cho- RESET output of the MC34064P can be tied to the 

sen. The diode, MUR 120, keeps the inductor from ab- active-high enable of the decoder to disable any CEs 

sorbing current from the charged output capacitor. The until Vcc = 4.6V, as shown in Figure 18. 

5.6V zener diode ensures that when Vpp is less than 
5.6V, the Vpp output is held at 0V. (This is optional if 
Vpp ^ 5V is tolerable.) 



Figure 18. Protecting the Circuit from Involuntary Erasure and Programming. 

Use an Undervoltage Sensing Circuit, or a System’s “POWERGOOD” Signal, to Control Chip Enables 
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How is Vpp Switched on (Refer to Figure 17): page number is written to the 74F273, Octal D-Type 

Flip-Flop (Figure 19, U37). It is latched by the rising 
Latching a one into the 74F74 D-input (U42A) puts a edge clock signal derived by the “ORing” of the corre- 

zero on the output Q. This turns off the transistor sponding 74F138 dec ode s ignal (I/O PAGE NUM- 

2N3904. When the 2N3904 is off, the VC input of the BER) and the system IOW. 

LT1072 (U41) is 5V and the VOLTAGE SWITCH 

( VS W) output generates 12V. Page zero is automatically selected on powe r-up be- 

cause the 74F273 clear input is connected to RESET 
(generated as part of the Vpp circuitry). This feature 
Page Number Selection and Reading ensures that the board will power up in page zero. Giv- 

en the proper software, this board can be turned into 
It is standard practice to use an I/O port to generate the system’s bootable drive. (See section on Software 

the page number for this type of memory array. The Design Implementations.) 

potential number of pages that can be selected is deter- 
mined by the size of the data bus as well as the amount The current page number can be obtained by reading 

of decoding the system can practically handle. In this the same I/O port. The I/O decoder ou tput, I/O 

design, this I/O port allows selection of 256 64-Kbyte PAGE NUMBER, “ORed” with the system IOR, pro- 

pages, for a total of 16 Mbytes of flash memory. The duces the signal enabling the 74F245 bus transceiver 

(that is tied to the output of the 74F273). 



Figure 19. Selecting or Reading Page Number 
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Design Considerations 


Optional Board Features 


The SIMM s high and low bytes are enabled by WEH 
and WEL, respectively. Using a high and low byte 
transceiver for each SIMM limits the capacitive loading 
and prevents performance degradation of the data bus. 
(This becomes important when upgrading to Intel 
Flash Memory SIMMs that have 16 components. See 
section on capacitive loading.) Also, the PC I/O chan- 
nel bus specification requires that no more than 2 TTL 
loads be present on any one line. Therefore, che SIMM 
transceivers must be routed through two additional 
transceivers at the PC bus interface (refer to “Switcha- 
ble Data Bus Width” section). In this paged memory 
board design, the SIMM transceivers are enabled by a 2 
to 4 decoder which uses page pins P 6 and P 7 as decode 
signals. The ena ble for the decoder is supplied by the 
MEMDECODE signal; transceivers are disabled unless 
an address within the 64 Kbyte page is accessed. 


So far we have described the components required to 
design a functional flash memory array. Optional fea- 
tures can be added to make this board more versatile in 
an application environment: 

Switchable Data Bus Width 

This feature allows the board to execute in ?. PC XT* 
(8-bit bus) or a PC AT system (16-bit bus). Memory 
card designs for adopting the PCMCIA/JEIDA format 
must include similar provisions as shown earlier. At the 
PC-I/O channel interface, (for use in an 8-bit system), 
an extra transceiver is used to redirect the upper data 
bus (D 8 - 15 ) to the lower data bus (Figure 20, U9). The 
16BIT signal is generated from a ground on the PC AT 
I/O channel extension; it will be high (because of the 
pull-up resistor) when a PC XT is used. (The 16BIT 
signal can be read by software through the 8th bit of the 
Presence Detect port.) 


An extra transceiver is used to redirect 
the upper data bus to the lower data bus 



292079-37 

Figure 20. I/O Channel Transceiver Interface for 8- or 16-Bit Data Bus Selection 


*PCXT® is a registered trademark of International Business Machine Corporation. 
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Access to a word (2 bytes) requires two bus cycles to The circuitry at the SIMM transceiver interfac e deter - 

generate two addresses in an 8-bit system. As an exam- mines whether to use the Bus High En able (S BHE) 

pie referring to Figure 20, when accessing a memory signal or Aq to select the high byte. The 16BIT signal 

word at address zero (0): selects the “A” or “B” inputs of the 74F157 multiplex- 

er (Fi gure 21, U27). Regardless of the bus size, the 

16BIT = 1, MEMDECODE = 0; WRL sign al is generated on a system memory write 

(SMEMW) to an eve n address (AO = 0). During a 16- 
During access to the low byte — ► AO = 0, so the signal bit write, the WRH signal is gene rated by a system 

“LOW 8/16 BIT’’ is active; memory write to t he high bus (BHE). H oweve r in an 8- 

bit system, where SBHE is absent, the WRH signal is 
During access to the high byte — ► A0 = 1, so the generated by a system memory write to an odd ad- 

signal “HIGH 8 BIT’’ is active. dressed byte (Aq = 1). 


The high byte from the SIMM is multiplexed onto the 
low byte of the system bus. 



Figure 21. 8- or 16-Bit Data Bus Selection at the SIMM Transceiver Interface 
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The eight transceivers for the four SIMMs are selected 
by signals Tq_ 7 . Even (To, T 2 , T 4 , Tg) and odd (Tj, T 3 , 
T 5 , T 7 ) numbered signals decode for the SIMM low 
and high bytes, respectively. The signals Tq _7 are de- 
rived by decoding P$ and P 7 (Figure 22, U24A) and the 
transceiver bank decoders (Figure 21, U27). 


For a 16-bit system, the MEMDECODE signal selects 
both the low and high banks. For an 8 -bit system, the 
low bank is selected by generat ing an even addr ess (Aq 
= 0 ) in conj unction wiili ihc MEMDECODE signal. 
Since SBHE is absent (in an 8 -bit system), the high 


bank is selected by an odd addres s (Aq = 1 ) in con- 
junction with the MEMDECODE signal. 


Master/Slave Configuration 

This feature allows the system to accom modate m ore 
than one board. The board reset signal, BRDRST, of 
Figure 23 is used to enable the board. The comparator 
(Figure 16, U21) that generates the MEMORY DE- 
CODE ENART.F must be reconfigured: 

1. AEN is connected to P 7 ; 

2. BRDRST is connected to the chip enable, G. 


TRANSCEIVER BANK DECODER 



(HIGH BANK) 
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Figure 22. Transceiver Selection at the SIMM Interface 



MASTER BOARD 
SLAVE BOARD 


JP11.JP13 

JP12.JP14 


xi 
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Figure 23. Master/Slave Configuration for Multiple Boards 
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The jumper settin gs determi ne if the board is “active” 
on system reset (BRDRST will be low). The Mas- 
ter/Slave port is shared with Vpp enble; therefore to 
change t he “active” status of the board, write to the 
VPPEN I/O port. Software should first read this port 
to determine the status of “Vpp Enable”, then use the 
appropriate mask technique to activate or deactivate 
the board. 


Board Identifier 

The board identifier, occupying 4 additional I/O ports, 
is used for two functions: 

1. To locate the board within the system I/O space, and 

2. To identify the board version to assure the software 
matches the hardware. 


The hardware consists of 4 DIP switches and associat- 
ed 74F245 transceivers (Figure 24, U33-U36). Each 
swit ch is read by selection of its I/O address (Figure 15, 
use BI 0 -BI 3 ). The DIP switches can be replaced by 
EPLDs that permanently “hardwire” the settings. In 
this case, the identifier is changed by reprogramming 
the EPLDs. 


Zero-Wait-State Selection 

The zero- WAIT selection feature is only applicable in a 
PC AT system. Driving a low input to the OWS pin of 
the PC I/O channel within 21.5 ns of MEMR or 
MEMW going low keeps the system from inserting the 
standard WAIT-states into the I/O channel bus cycle. 
On the page memory board, the OWS signal is generat- 
ed by the Boolean equation: 


(SMEMW * SMEMR) + MEMDECODE = OWS. 



GND 74F245 GND 74F245 


292079-41 

NOTE: 

DIP switches, can be replaced with EPLDs. 


Figure 24. Hardware Used to Locate and Identify Page Memory Board 
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Initializing Software for the Paged 
Memory Board 

(The assembly language software is included in the Ap- 
pendix.) 


In the following sections, algorithms will be shown that 
verify the page-memory board’s functionality. To ac- 
cess this board, first find the location of the base I/O 
address. From Figure 15, the board’s I/O ports are ac- 
cessed as offsets of the I/O base address: 


Board Identifier n 

Window Base Address 
Presence Detect Pins 
Master/Slave and Vppen 
P age Number 


@ Base Address + n 
(n = 0, 1, 2, 3) 

@ Base Address + 4 
@ Base Address + 5 
@ Base Address + 6 
@ Base Address + 7 


Next, the Window Base Address I/O port is used to 
locate the “page” in DOS’s memory space. It is then 
necessary to determine the density of the SIMMs and 
the total memory available. 


Locating the Base I/O Address 

Use the board identifiers to locate the base I/O address. 
The software reads I/O locations until the correct byte 
sequence is found (Figure 25) Some discretion should 
be made when choosing the board’s I/O address. (See 
table of I/O port usage in Appendix.) The PC XT and 
PC AT specification allocates 32 I/O ports at 0300h to 
031Fh for prototype cards. We will use this address 
range for this example. Because the I/O ports for the 
paged-memory board must begin on an 8-byte bounda- 
ry, the only possible base addresses are 300h, 30 8h, 
31 Oh, 318h. 



BOARD LOCATED 


for this board must begin on an 8-byte boundary 



Figure 25. Locating the Page-Memory Board 
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Locating the Base Memory Address 

The base memory address gives the location of the page 
within the system’s memory space. The address switch 
settings for A 15 - A 19 are read from the correct I/O 
port, Base Address + 4 (Figure 15). After reading 
these address lines they are stored in the ES segment 
register used as a pointer to access that memory seg- 
ment. A 16 - A ] 9 must be shifted into the upper nibble of 
the ES register to allow proper address generation. 


Determining Memory Capacity 

First ensure the board is set to read from Page 0. The 
PD pins are read and translated, using a lookup table of 
SIMM densities, to a functional value. (See 28F001AX 
data sheet for Presence Detect pin definitions.) Then 
the device identifiers should be read to determine: 

1. The number of components on each SIMM; 

2. the number of SIMMs installed on the board; 

3. and which sockets are used. 



SOCKETS = SOCKETS or’d WITH SHIFT.REG 
DIVIDE SIMM DENSITY BY DEVICE DENSITY 

SHIFT_REG = SHIFT_REG * 2 
CHANGE PAGE #. 


ALL SOCKETS ACCOUNTED FOR 

292079-43 


Initialize variables. 


Only interested in SIMM density info. 
Combine density info bits within byte. 

The value will be 2.3, or 4 verifying 
the presence of a 1, 2, or 4 Mbyte SIMM. 


Density is stored as multiples of 1 Kbyte. 


Determine individual component density. 

1 or 2 Mbit Intel flash memory devices on SIMM. 

SIMM socket is full 

“Sockets” used as a bit map. 

As an example, if SOCKETS = OFh, ‘ 
all 4 sockets are full. 

Derives component count on SIMM. 

Move binary 1 to next bit address. 

To access next SIMM location. 


Check all sockets. 


READ FLASH DEVICE ID 




Figure 26. Determining SIMM and Component Densities and Locations 


6-322 



AP-343 


inteT 


Linear Addressing 

Linear addressing directly maps the flash memory ar- 
ray into the system’s memory space. “Instantaneous 
Access” of the entire array is the obvious advantage 
over paging. Additionally, the decode circuitry is sim- 
plified. Figure 27 shows an example for accessing 16 
Intel Flash Memory 28F020s arranged in a 4 Mbyte 
linear array. 

The number cf address lines °° ,,,a ^ ^ ° 

er type (2 to 4, 3 to 8, etc.), is determined by the flash 
memory device size. The address lines Aj-Aig 
are used for byte selection within each device 
(256 Kbytes * 8). 


The decodes for the individual devices can be designed 
in a row-column method similar to that used for the 
page memory board. An alternative design uses an indi- 
vidual chip enable for each of the 16 devices. 

The enable for the 74HC138 (3 to 8 decoder) is gov- 
erned by a 74F521 comparator. System address inputs 
to the comparator are chosen to locate this array on a 
4 Mbyte boundary. (The array base address could be 
located on a non-4 Mbyte boundary but this would add 
to the decoding complexity.) With the inputs chosen in 
this example (A22-A23), the array base address will be 
between address 0 and 12 Mbytes to confine this memo- 
ry array within the PC AT defined address space of 
16 Mbytes. A19-A21 are inputs to the decoder which 
generates one of the eight chip enables (CE). (Use a 
74F245 transceiver for the data bus of every 8 flash 
memory devices. The address lines also need buffering 
when connected to a PC bus.) 



Figure 27. Linear Addressing Hardware Block Diagram 
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|/Q Addressing Relative to linear addressing, I/O addressing generally 

has limited access speed capability because of the I/O 
From the standpoint of the system’s address space us- “bottleneck”. Read speed can be increased to match 

age, I/O addressing provides a conservative solution. linear addressing by replacing the ‘574 latches with 

As an example, four gigabytes of a flash memory array ‘191 counters, 

can be addressed through only two I/O ports. An I/O 

write sends the flash memory addresses out on the data In the following circuit example, decoding for I/O is 

bus. This “data” is latched (using ‘574s) and made accomplshed with a 74F138, 3 to 8 decoder (Figure 29, 

available to the flash memory devices and decoding cir- Ul). The base address for these I/O ports is on an 

cuitry (Figure 28). A third I/O port, used as an enable 8-byte boundary. When any one of the 8 I/O addresses 

for the flash memory device decoder and transceivers, is selected, the comparator (U2) generates the enable 

helps conserve power when the array is not being ac- signal (if AEN is low) for the decoder, 

cessed. 



Figure 28. Data Bus Generates Flash Memory Addresses 



Figure 29. I/O Decode and Enable Circuitry 
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An I/O write to the firs t and second ports generates 
parallel load signals, PLq and PLp These signals latch 
the “data” (addresses) into the 4-bit counters (Figure 
30, U3-U10). This latched data represents the address 
for the flash memory devices. 


A read or write from the selected flash memory address 
is performed when the third I/O port is accessed (Fig- 
ure 29, Ul); this generates an enable for the flash mem- 
ory device decoder and associated transceivers (Figure 
31, T 0 and TO. 



292079-47 


NOTE: 

A 0 -A 31 are inputs to flash memory devices. Only address lines A 0 -A 18 are used for the 
28F020S. 


Figure 30. Counter Circuitry 
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Figure 31. Transceiver Enable Circuitry 


The fourth I/O port activates the circuitry that obtains 
very high performance from an I/O board. A read from 
the fourth I/O port address generates the clock signal 
for the 74HC191s, CLOCK PULSE. The counter in- 

crements on the rising edge of the clock (read signal), 
selecting the next flash memory address. This rising 
edge occurs at the end of the I/O read cycle and the 
data has already been read. This method is analogous 
to address pipelining. It is perfect for a “string” read 
because continuous reads from the fourth I/O port au- 
tomatically increments the address to access the next 
word of data stored in the flash memory array. 


Capacitive Loading 

Capacitive loading is an important consideration for a 
solid-state mass storage device. If proper buffering 
techniques are not followed, performance degradation 
will occur. 

The specifications for Intel’s Flash Memory devices are 
based on a test capacitive load of 100 pF. Each data line 
contributes 12 pF, therefore 8 devices connected to one 
data transceiver will not experience speed derating 
(12 pF * 8 = 96 pF). Additional flash memory devices 
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on that transceiver will increase the loading seen by any 
one device. 

Degradation is calculated as follows (Q = Amount of 
Charge, T = Time, C = Capacitance, V = Voltage, 
and I = Current): 


disks will also be replaced by Intel’s Flash Memory 
when higher reliability, lower power consumption, 
higher performance, and lighter weight are required. 


Interleaving 


COULOMBS LAW STATES: 

Q = I AT 

AND GIVEN THE RELATION: 

V = AQ/C — ► I = C AV/AT 

FROM THIS RELATION, THE CHANGE IN AC- 
CESS TIME CAN BE EXPRESSED IN TERMS OF 
CAPACITIVE LOAD: 

AT = C AV/I 


Although the basic concept of data recording is similar 
from system to system, variations in implementation 
exist. For instance, some applications require high- 
speed data acquisition Tint a programming rates are im- 
proved considerably by employing interleaving tech- 
niques. The majority of time spent programming or 
erasing a flash memory device results from the delay 
times in the software algorithms. (It is advised to re- 
view the standard algorithms first. See any Intel Flash 
Memory data sheet for Quick-Pulse Programming™ 
algorithm.) Interleaving takes advantage of these delay 
times to begin programming consecutive devices. 


For example, using four SIMMs, each with 8 compo- 
nents in a 16-bit configuration (4 components on high 
byte and 4 components on low byte), each Intel Flash 
Memory device sees a load of 15 devices (12 pF * 15 = 
180 pF). This loading is 80 pF in excess of the device 
specification so therefore: 

Time _ Additional x ( V CC ~ v Ol_) 

Change Capacitance l 0L 


_ (5.0 — 0.4)V 

= 80 pF X — = 64 ns 

5.8 mA 

(Reflecting worst case conditions.) 


SOFTWARE DESIGN 
IMPLEMENTATIONS 


There are hardware and software mechanisms for inter- 
leaving. The flash niemory array for hardware inter- 
leaving requires special decoding techniques (Figure 
32). Contrary to linear decoding, the system address 
lines A0-A3 are decoded to provide the chip select sig- 
nals and individual bytes are selected with the address 
lines A4-A20- (For the Intel 28F010.) This decoding 
technique allows software to automatically access se- 
quential devices by writing or reading sequential mem- 
ory addresses. (Data accumulated with program inter- 
leaving will not be stored consecutively within a single 
device.) 


The interleaving algorithm to program the 2 Mbyte 
flash memory array is shown in Figure 34 and 35. The 
basic goal is to utilize the delay times. To simplfy the 
algorithm for this discussion, the data will be pro- 
grammed on a byte- wide basis. Word-wide and double 
word-wide techniques, discussed later, will further in- 
crease programming speeds. 



Each hardware implementation discussed above can be 
used in several types of mass storage applications. The 
general categories include: data recoders, Write-Once- 
Read-Many (WORM) drives for storing application 
programs and fixed data, and magnetic disk emulators. 


Data Recording 

The applications for data recording represent an end- 
less list. Examples include digital imaging, digital pho- 
tography, point-of-sale terminals, patient monitors, and 
flight recorders. These systems will use Intel Flash 
Memory as a more economical and reliable replace- 
ment for SRAM + battery. Alternatively, mechanical 


During multi-component programming, the number of 
pulses required could vary between different devices. 
Code is reduced if the programming loop does not have 
to selectively “decide” if a byte has programmed cor- 
rectly (verified). However, continual programming of a 
programmed byte is not necessary and should be avoid- 
ed. This is done by masking the command sent to that 
particular device. The RAM table in Figure 33 is used 
as a data and flash memory command buffer. After a 
programmed byte has verified, its associated data and 
commands in the RAM table are written with the value 
OFFH (RESET command for Intel flash memory). The 
data is also written as an OFFH since this is null pro- 
gram data. 
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Figure 32. Hardware Interleaving Block Diagram 



Figure 33. RAM Array Used as Data Buffer and Command Mask Storage 
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COUNTO=SIZE_OF_COMPONENT 

PTR 1=1 ST ADDRESS OF FLASH MEMORY ARRAY 
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FLAG used as indicator for successful byte program 
verify. 

MAX PROGRAM TRIES = 25 
16 components for this ovamnio 
Initialize pointers. 

Program command to flash device. 

Program data to flash device. 

To get to next byte location. 


All components gone through? 


Verify command to flash device. 


Figure 34. Program Interleaving Algorithm 
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C0UNT2=#0F COMPONENTS 
PTR1 =STORE_PTR 

PTR2=1ST ADDRESS OF RAM TABLE DATA 

PTR3=1ST ADDRESS OF RAM TABLE PROGRAM_COMMAND 

PTR4=1 ST ADDRESS OF RAM TABLE VERIFY_COMMAND 



CONTENTS AT PTR1 CONTENTS AT PTR5? 


Does Flash Memory Byte = Verify 
Byte? 


CONTENTS AT PTR2, PTR3, PTR4, AND PTR5 = OFFH 
FUG = FLAG *2 


INCREMENT PTR1,PTR2,PTR3,PTR4,AND PTR5 
COUNT2=COUNT2- 1 


COUNT1=COUNT1-1 



YES, GO TO PROGRAMMING ERROR 


Shift bits of flag left. 


Exceeded program tries, go to er- 


All l’s shifted out? 


PTR1 =ST0RE_PTR+1 6 
COUNTO=COUNTO- 1 


To access next byte of each device. 


Figure 35. Program Interleaving Algorithm (Continued) 
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Software and hardware interleaving are very similar. 
Software interleaving is performed using conventional 
decoding and addressing methods. Instead of incre- 
menting flash memory addresses by one to access the 
next byte (as with hardware decoding), the address is 
incremented by the size of the component. While allow- 
ing the use of “general-purpose” (non-in terleaved) 
hardware, software interleaving requires reading back 
the data in the same, non-sequential fashion as was 
used for recording. 


ly consumes 9 mA (1 mA Ice and 8 mA Ipp) while 
programming or erasing; this translates to about 100 
mW. If interleaving with 16 devices, about 144 mA (16 
devices * 9 mA) or 1.6W, is drawn. Battery powered 
systems will have a practical limit on the number of 
components in the interleaving loop. Failure to accom- 
modate these current levels, resulting in Vpp voltage 
drop, will compromise programming and erase reliabili- 
ty. 


Interleaved erase is useful for erasing an array of flash 
memory devices. This approach greatly reduces the to- 
tal subsystem format time. As specified in the erase 
algorithm, each erase pulse requires a 10 ms delay. (See 
Quick-Erase™ algorithm in Intel Flash Memory data 
sheet.) Without interleaving, the processor is idle dur- 
ing this delay time. As with program interleaving, this 
time is used to begin the erasure of consecutive devices, 
thereby reducing the overall erase time. 

Further program and erase time can be saved by sup- 
plementing the byte-wide algorithm with 16- or 32-bit 
interleaving. Extra data and commands are added to 
the RAM Mask Table. The major difference in the al- 
gorithms involves the verify operation. Depending on 
the bus width, 2 or 4 bytes are verified simultaneously 
as shown in Figure 36 (for a 16-bit algorithm). 


Power Requirements for Interleaving 

Current consumption is an important consideration for 
interleaving. During programming, each device typical- 


Write-Once-Read-Many (WORM) 

Drives 

The optical disk is an example of a typical WORM 
drive application. Its strengths are extremely high den- 
sities and low cost per bit. However, it is an unaccept- 
able solution for a low powered, lightweight laptop 
computer system. It is this environment that solid-state 
drives offer the greatest benefit. Solid-state ROMs have 
historically been used in laptop systems to store soft- 
ware programs that seldom change. When the software 
does change, the ROM “application hardflle” is dis- 
carded and a new one is programmed. 

Unlike the ROM drive, Intel Flash Memories can be 
reused and reprogrammed in a true WORM fashion. A 
computer user can load favorite software programs on 
the flash memory drive. Adding revised programs to 
the drive is accomplished by writing to the next free 
space or by erasing and reprogramming the entire 
drive. Software drivers can be written to implement this 
functionality in most operating systems. 


LO-BYTE = (DATA AN D 00FFH) 

.0 



PROGRAM_COMMAND=(PROGRAM_COMMAND OR 00FFH) 
VERIFY_C0MMAND=(VERIFY_C0MMAND OR 00FFH) 
VERIFY_DATA=(VERIFY_DATA OR 00FFH) 


PR0GRAM_C0MMAND=(PR0GRAM_C0MMAND OR FF00H) 
VERIFY_C0MMAND=(VERIFY_C0MMAND OR FF00H) 
VERIFY_DATA=(VERIFY_DATA OR FF00H) 
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NOTES: 

1. MASK the HI Byte with 00H. 

2. If the LO Byte verifies, then mask the data, program, and verify command with 00FFH (RESET). 

3. Mask the LO Byte with OOH. 

4. If HI Byte verifies, then mask the data, program, and verify command with 00FFH (RESET). 


Figure 36. 16-Bit Masking for Verify Operation 
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Microsoft has a flash memory file system for DOS. It 
stores and retrieves data or application programs in a 
manner that, to the end user, appears similar to a disk- 
drive. Employing “WORM” functional characteristics, 
new files are written sequentially from beginning of 
memory. However, when the disk is full, it can be 
erased (saving the “good” files) and reused. 

When an application accesses a disk through INT 21H, 
the MS-DOS* kernel checks the drive letter (Figure 
37). If the drive has been declared as a flash memory 


disk, the Installable File System (IFS) intercepts the 
call. (This is very similar for accesses to a networked 
drive.) Otherwise, if the drive letter is that of a floppy 
or hard disk, the call is handled by the standard DOS 
block device driver. The Installable File System (IFS) 
provides the link between DOS and the Microsoft* 
Flash File System driver. (The Flash File System and 
Installable File System Driver are purchased through 
Microsoft.) It changes all DOS commands into a form 
understood by this unique file structure. 
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Figure 37. Disk Interface Levels 


*MS-DOS® and Microsoft® are registered trademarks of Microsoft Corporation. 
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The Flash File System Driver is the “intelligence” of 
this file system. It consists of: 

1. A Boot Record that identifies the file system and 
version, and locates the start of the data area; 

2. The Root Directory Entry Record and many Direc- 
tory and File Entry Records. 

The file system driver is independent of the hardware 
interface to the flash memory disk. The hardware de- 
vice driver, developed by Ihe GEM or BIGS software 
vendor, interfaces the flash memory disk to the flash 
file system. It is responsible for the low level calls to the 
Intel flash memory devices. The actual implementation 
of the interface is dependent on the hardware configu- 
ration of the disk (I/O, paged, and linear addressing are 
examples). 

The flash memory drive is treated as a WORM drive 
with a bulk erase feature. To minimize fragmentation 
losses and allow arbitrary extension of files, the flash 
memory file system uses variable sized blocks rather 
than the standard sector/cluster method of more tradi- 
tional file systems. The fundamental structure em- 
ployed to offer this flexibility is based on linked list 
concepts; files are chained together using address point- 
ers located within directory entries for each file. 

Files and directories are written to the flash memory 
disk using sequentially free memory locations — a stack- 
like operation (Figure 38). Furthermore, file sizes can 


be variable, abandoning the traditional sector/cluster 
approach of DOS. When “the stack” is full, the user 
copies the desired files to another disk and erases the 
current disk for reuse. 

File and subdirectory information is attached to the be- 
ginning of each file, unlike the standard DOS approach 
of directory and FAT placement. As directory and file 
entries are added, they are located by building a linked- 
list. Besides containing the customary fields (e.g., name, 
extension, nine, uuic Ci creation, etc.), a directory and 
file entry contains a status byte and various pointers 
used for the linked-list process. The status byte, besides 
indicating whether a file/subdirectory exists or is delet- 
ed, is also used to signify valid sibling and/or child 
pointers and to determine if a directory entry pertains 
to a file or a directory. 

When a directory or file is requested or added, the flash 
memory disk is searched beginning at the bottom of the 
linked-list. The chain is followed from pointer to point- 
er until the correct entry is found. If the search arrives 
at the chain’s end (an FNULL is encountered), the sys- 
tem responds analogously to DOS with a “File not 
found” message. 

This linked-list chain consists of two basic types of 
pointers: sibling and child. Sibling pointers are used to 
locate directories or files at the same hierarchial level. 
Child pointers are used to locate subdirectories or the 
first file of a particular directory. The following exam- 
ples elaborate these concepts. 
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In Figure 39, Directories B and C are subdirectories of 
Directory A. Specifically, Directory C is a sibling of 
Directory B and both are children of Directory A. 
FNULL indicates the end of the chain. 

Figure 40 shows two files (File A and File B) added to 
a directory (Directory A). File A and File B are at the 
same level, therefore they are siblings. A file’s directory 
entry contains a Primary and Secondary pointer that 
indicates the start of its data area. 

An important function of FFS is related to deleting or 
renaming files. Each file’s directory entry contains a 
primary and secondary pointer. When a file is first cre- 
ated, the primary pointer is set to point to the beginning 
of the data. If that file is modified and rewritten to the 
flash memory disk (because the original file cannot be 
overwritten), the primary pointer is marked as invalid 
(in the status byte). To make use of the existing directo- 
ry entry for that file, the secondary pointer is used (see 
Figure 41). 


When a file appears multiple times (because of deleted 
versions) on the flash memory disk, the file system 
must find the most recent version. The status byte con- 
tains bit fields that indicate whether that particular file 
is a valid or deleted file. The directory information of a 
deleted file is used for pointers of the linked list and the 
search would proceed until the most recent version is 
found. 

A key point to be made for using this method of file 
storage is that the user is in control of the rate in which 
the disk becomes full; using the flash memory disk pre- 
dominantly for application code storage and non-tem- 
porary data files reduces the frequency of disk “clean- 
up”. However, flash memory will typically perform 
100,000 cycles and eliminates reliability concerns when 
used as a hard or floppy disk replacement. 



Figure 39. Directory Arrangement 
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Figure 40. File Arrangement 



Secondary 

Pointer 

Child 
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Figure 41. Modifying a File 
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Disk Emulation 

A disk emulator represents the optimal use of flash 
memory as a mass storage medium. However, this also 
embodies the most sophisticated software implementa- 
tion. Block erasability of flash memory requires modifi- 
cations to the base level constructs of the magnetic 
disk. Ideally these changes are transparent to the sys- 
tem user. 


Creating a Bootable Drive 

The startup time of the PC can be decreased by booting 
from a flash memory disk instead of the magnetic disk. 
To do this, a “disk-image” is installed on the flash 
memory disk which is located in the system memory 
space between COOOOH and EOOOOH (Figure 10). (The 
“disk image” contains the Boot Record, Directory, and 
FAT.) This memory space is referred to as Expansion 
ROM. During the system Power-On-Self-Test (POST), 
the system searches this memory area for the ROM 
adapter signature, 05 5 A Ah, marking the beginning of 
the disk image. Once this signature is found, the 
BOOTSTRAP process begins. The software to create 
and install this “disk image” is available as a product 
from Microsoft Corporation as ROM executable MS- 
DOS. 


WHY FLASH? 


CHARACTERISTICS OF INTEL FLASH 
MEMORY 

Power consumption, weight, performance, and reliabili- 
ty are the key criteria for a system design. The discus- 
sion of Intel flash memory as a mass storage medium 
would not be complete without a performance analysis 
and comparison to other technologies. 

Power Consumption 

Portability of a computer demands battery longevity 
and consequently minimal power consumption. Small 
form factor disk drives are being designed specifically 
for the size and power requirements of laptops. 

A drive has three basic operating modes: active, power 
savings, and standby. The active mode consists of read- 
ing, writing, and ready. Ready condition allows “in- 
stantaneous” transitions into the read or write states. In 
the power-savings mode only the drive motor continues 
to run. Standby shuts off all functionality except for the 
circuitry needed to “spin-up” the drive. From the 
standby mode, extra power and considerable time, is 
required to “spin-up” the disk. 


Power Consumption Comparison 
(Watts) 

(Based on typical performance characteristics. The 
20 Mbyte Flash Memory disk is based on the use of 80- 
28F020s. Only two of the forty devices are accessed at a 
time, the remainder are in standby mode.) 


Active 

Modes 

Hard Disk Drive 
(2.5" , 20 Mbytes) 

INTEL 

Flash Memory 
(20 Mbytes) 

Ready 

1. 7-2.0 

0.05 

(Same as Standby) 

Read 

3. 5-4.0 

0.15 

Write 

3. 5-4.0 

0.25 

Power Savings 

1.5 

0.05 

(Same as Standby) 

Standby 

0 

1 

o 

cn 

0.05 

Spinup 

(from Standby) 

9.3 

0 


For a battery-powered system, 3-4 hours of operation 
is unacceptable. Battery longevity is achieved by using 
Intel Flash Memory solid-state storage as a disk re- 
placement. The following table relates battery life and 
the different functions of disk operation. A “A A” bat- 
tery with a capacity of 2215 mAH is used for the com- 
parison. Obviously, for a truly accurate representation, 
other components of the system should be included. 
But from the data storage point of view, the flash mem- 
ory disk will operate many more hours than the hard 
disk drive on a set of batteries. 


Hours of Operation for a “AA” Battery 
(Based on Data from Previous Table 
and 2215 mAH Battery Capacity) 



Hard Disk Drive 
(2.5" , 20 Mbytes) 

INTEL 

Flash Memory 
(20 Mbytes) 

Read 

0.83 

22.15 

Write 

0.83 

13.29 

Standby 

6.64 

66.45 


Data Access Time 

Reading data from a magnetic disk is a very slow pro- 
cess compared to a solid-state disk (SSD). Disk transfer 
time is lengthy due to four time components: spin-up, 
seek time, latency, and data transfer time. Spin-up is a 
factor to consider for battery-powered systems, where 
most disk accesses are begun from the standby mode. 
During the seek time, the arm is repositioned to the 
correct track. Latency is the delay from arm reposition- 
ing until the first sector of the transfer moves under the 
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read/write head. This is dependent on the speed of ro- 
tation. The actual transfer of data is the third compo- 
nent. The standard SCSI interface transfers data be- 
tween 5 Mbits and 10 Mbits per second, with which 
flash memory compares very favorable. 

For this example it is reasonable to assume a transfer 
rate of 1.0 Mbytes per second. Using a full word-wide 
(xl6) bus bandwidth (120 ns access speed of the de- 
vice), flash achieves a transfer rate of 16.6 Mbytes per 
second. 


Read Speed Comparisons 



Hard Disk 
(Standard 
SCSI 

Interface) 

Floppy 

Disk 

Flash Memory 
(16-Bit Bus, 
120 ns 
Access) 

Seek Time 

28 ms 


0 

Latency 

8.3 ms 

100 ms 

0 

Transfer Rate 

1 .0 Mbyte/s 

62 Kbyte/s 

16.6 Mbyte/s 

Total for 

1 0 Kbyte File 

46.54 ms 

261.3 ms 

0.62 ms 


(Floppy disk drive specifications combine access into 
one category.) 

In this example, the flash memory disk has 75 times the 
read performance over the hard disk. Smaller files re- 
sult in even greater differences. Additionally, the 5 sec- 
ond spin-up of the hard disk gives the flash memory 
disk over 8,000 times the performance! 

A byte will typically program in Intel Flash Memory in 
one pulse. (See Intel Flash Memory Data sheet for pro- 
gramming algorithm.) Based on this and the parame- 
ters used in the example above, a 10 Kbyte file is writ- 
ten to the flash memory disk in 87.04 ms. Because 
writes to a hard disk typically begin from spin-down, 
the flash memory disk is still over 50 times faster. Since 
reads are 80% of disk access, flash memory’s user-per- 
ceptible performance advantage is substantial. 


One method uses the overall mean failure. The MTBF 
of all critical components is computer analyzed and the 
lowest one is selected. A second method tests 100 
drives. The hours of the first ones to fail are multiplied 
by the number of drives. How many reads or writes are 
performed? Is the disk stopped and started during the 
process? Standard answers do not exist. 

The vagueness of the test procedures makes it difficult 
to compare the MTBF for a flash memory solid-state 
disk anH « hard disk. Based on the fact that disk usage 
is 80% reads and 20% writes, a reasonable comparison 
can be made. (What is not taken into account is that 
disks are an ‘infinite’ write, but finite read medium. 
Continuous reading causes reduced magnetic field 
strength, a failure mechanism hidden by re-writing the 
disk.) 

Intel’s Flash Memory typically performs 100,000 
erase/program cycles; (Failure does not occur at this 
point. The only noticeable change is a gradual increase 
in program and erase times.) Assume a flash memory 
disk size of 4 Mbytes that functions like a WORM 
drive; it is erased and reused after filling. 


Based on a typical disk MTBF of 50,000 hours and the 
80/20% division, 10,000 hours are used for writing 
files. Assume the average file size written to disk is 
10 Kbytes. A 4 Mbyte flash disk can store approxi- 
mately 400 X 10 Kbyte files (4 Mbyte/lOK = 408) 
before erasure is necessary. 


These 400 files could be writen to the disk 40 X 10 6 
times — (400 files X 100,000 cycles = 40 X 10 6 ). The 
result is that within a 10,000 hour period, one 10 Kbyte 
file could be written once every 0.9 seconds. 

10,000 hours 3600 Seconds 0.9 Seconds 

x = 

40 x 1 0 6 Files 1 Hour File 



It would be more realistic (although still extremely ag- 
gressive) to assume that this 10 Kbyte file is written to 
this disk every 10 minutes. At 100,000 cycles, 40 X 10 6 
files will have been written. The MTBF can be calculat- 
ed as follows: 


Reliability 


40 X 10 6 Files X 


10 Minutes 
File 


X 


1 Hour 
60 Minutes 


= 6.6 X 10 6 Hours 


The definition of hard disk mean-time-before-failure 
(MTBF) is extremely ambiguous. There are no indus- 
try-wide standards for making a reliable calculation. 
Disk drive manufacturers choose whichever method 
best suits their product’s reliability perception. 


This is an MTBF of over 6 million hours! (See Reliabili- 
ty Report RR60 for more details.) 

A flash memory solid-state disk outlasts its mechanical 
counterpart by at least two orders of magnitude, espe- 
cially if head parking problems and limited start/stop 
cycles of the mechanical disk are taken into account. 
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Weight 

Lowering the power consumption of your portable sys- 
tem also lowers the weight. Reduced battery demands 
mean smaller and lighter batteries and power supplies. 
Weight savings is also gained by the proper choice of 
the mass storage medium. The small 20 Mbyte 2.5" 
disk drives weigh between 9 and 21 ounces. The equiva- 
lent capacity of flash memory using 80-2 Mbit TSOPs 
(which individually weigh L16 x 10~ 2 ounces) weighs 
0.93 ounces plus the weight of the circuit board. (See 
section on Intel flash memory packaging.) This differ- 
ence is critical when the computer weight requirement 
is under five (5) pounds. 


SUMMARY 

The advent of Intel Flash Memory has led to the evolu- 
tion of solid-state mass storage. This application note 
has provided the building blocks that will allow the 
innovative manufacturer to remain on the forefront of 
technology. 

• Advanced packaging, such as the TSOP, SIMM, 
and IC memory cards, is necessary for high-density 
applications. 

• Intel Flash Memory allows flexible system interfac- 
ing by using I/O, paged, or linear addressing meth- 
ods. 

• Software variations enable an unlimited number of 
mass storage applications for Intel Flash Memory. 

• Intel Flash Memory offers superior performance 
over the magnetic disk. 
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APPENDIX A 


TSOP Dimensions 




f 

^ | -0- | 0.05 (g) | C | A© - B© 

DETAIL B 


292079-60 


Symbol 

Description 

Dimensions in mm 

Min 

Norn 

Max 

A 

Package Height 



1.27 

Ai 

Standoff 

0.15 

0.20 

0.25 

a 2 

Package Body Height 

0.96 

1.01 

1.06 

B 

Lead Width 

0.15 

0.20 

0.30 

C 

Lead Thickness 

0.10 

0.15 

0.20 

D 

Package Body Length 

18.20 

18.40 

18.60 

E 

Package Body Width 

7.80 

8.00 

8.20 

H D 

Terminal Dimension 

19.80 

20.00 

20.20 

L 

Lead Tip Length 

0.30 

0.33 

0.35 

N 

Lead Count 


32 


Y 

Seating Plane Coplanarity 

0.00 


0.10 

Z 

Lead to Package Offset 

0.20 

0.25 

0.30 

0 

Lead Tip Angle 

1 

3 

5 


TSOP Physical Dimensions Drawings and Specifications 
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TSOP Sockets and Wands 

32-Lead TSOP test sockets are available from the fol- 
lowing vendors: 

Yamaichi Eletronics 
1420 Koll Circle, Suite B 
San Jose, CA 95112 
(408) 452-0797 

Enplas 

Distributed by: 

Tesco International Inc. 

1825 S. Grant Street, Suite 745 
San Mateo, CA 94402 
(415) 572-1683 


32-Lead TSOP to DIP adapter sockets are available 
from the following vendor: 

California Integration Coordinators Inc. 

582 Main Street 
Placerville, CA 95667 
(916) 626-6168 

Suction wands for transferring units are available from 
the following vendor: 

H-Square Corp. 

1289-H Reamwood Avenue 
Sunnyvale, CA 94089 
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1 Mbit 
32- LEAD 
PLCC 

(550 x 450 MILS) 


-II- 

0.05" 


SIDE VIEW 

292079-61 


Figure 44. iSMOOIFLKA (1 Mbyte SIMM) Dimensions 


Module Capacity Idenfitication 


Module Capacity 
Word Depth 

PD6 

PD2 

PD1 

No Module 

O 

0 

0 

256K/32M 

O 

0 

s 

512K/64M 

0 

s 

0 

1M/128M 

o 

s 

s 

2M/256M 

s 

0 

0 

4M/512M 

s 

0 

s 

8M/1G 

s 

s 

0 

16M/2G 

s 

s 

s 


Module Speed Identification 

Maximum ___ 

. PD7 PD5 PD4 

Access Time 

>300 ns S S S 

300 ns S S S 

250 ns S S O 

200 ns S S O 

185 ns S O S 

150 ns S O S 

135 ns S O O 

120 ns S O O 

100 ns O S S 

85 ns O S S 

70 ns O S O 

60 ns O S O 

50 ns O O S 

40 ns O O S 

30 ns O O O 

ND O O 0_ 

O = Open Circuit On Module 
S = Short Circuit to Ground on Module 
ND = Not Defined 
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EPLD ADF for Presence Detect WAIT-State Generator 
PLFG Applications 1-800-323-EPLD 
Intel Corp. 

June 6, 1990 
U999 
002 

85C220 

Pre-loadable wait state down counter/READY generator 
OPTIONS: TURBO = ON 

PART: 85C220 

INPUTS: CLK@1 , nL0AD@2 , PD7@3, PD6@4, PD5@5, PD4@6 
OUTPUTS: nREADY@19 , Q3@18, Q2@17, Ql@16, Q0@15, nDL@14 

NETWORK : 

CLK = INP(CLK) % System clock input % 

nLOAD = INP(nLOAD) % Load count input % 

PD7 = INP (PD7) % PD[7:4] Wait state % 

PD6 = INP(PD6) % count size inputs % 

PD5 = INP (PD5) % to lookup table % 

PD4. = INP (PD4) 

nREADY, nREADY = RORF (nREADYd,CLK,GND,GND,VCC) % /READY Output % 

Q3,Q3 = RORF (Q3d, CLK, GND, GND, VCC) % counter outputs . . . % 

Q2,Q2 = RORF ( Q2d , CLK , GND , GND , VCC ) % not externally % 

Q1,Q1 = RORF (Qld, CLK, GND, GND, VCC) % necessary % 

QO,QO = RORF (QOd, CLK, GND, GND, VCC) 
nDL , nDL = RORF (nDLd, CLK, GND, GND, VCC) 

EQUATIONS: 

QOd = QOEQN * IREADY * !COUNT_ZERO % count if not ready % 

+ QO * (READY + ILOAD) % hold if ready % 

+ XO * LOAD * IREADY * COUNT_ZERO ; % read inputs on LOAD %, 

QOEQN = IQO ; 

Qld = Q1EQN * IREADY * !COUNT_ZERO 
+ Q1 * (READY + ILOAD) 

+ XI * LOAD * IREADY * COUNT_ZERO ; 

Q1EQN = Q1 * QO + IQ1 * IQO; 

Q2d = Q2EQN * IREADY * !COUNT_ZERO 
+ Q2 * (READY + ILOAD) 

+ X2 * LOAD * IREADY * COUNT_ZERO ; 

Q2EQN = Q2 * (Q1 + QO) + IQ2 * IQ1 * IQO ; 

Q3d = Q3EQN * IREADY * ICOUNT_ZERO 
+ Q3 * (READY + ILOAD) 

+ X3 * LOAD * IREADY * COUNT_ZERO ; 

Q3EQN = Q3 * (Q2 + Q1 + QO) + 1Q3 * 1Q2 * IQ1 * IQO 

nREADYd * = IQ3 * IQ2 * IQ1 * LOAD * InDL ; % Anticipate counter % 

% to provide READY% 

nDLd = nLOAD; % hold until LOAD is% 

% taken away % 

EPLD ADF for Presence Detect WAIT-State Generator 
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COUNT_ZERO = !Q3 * !Q2 * 1Q1 * !Q0 ; 

LOAD = NLOAD * ; 

READY = nREADY 1 ; 

X3 = GND ; % Wait State Scrambler % 

X2 = 3CNT ; % lookup table % 

XI = 8CNT + 7CNT + 6CNT + 5CNT ; 

XO = 5CNT ; 


8CNT 

= 

PD 7 

* 

!PD6 

* 

!PD5 

* 

!PD4 

7CNT 

= 

!PD7 

* 

PD6 

* 

PD 5 

* 

PD4 

6CNT 

= 

!PD7 

* 

PD 6 

* 

PD5 

* 

IPD4 

5CNT 

= 

IPD7 

* 

PD6 

* 

!PD5 

* 

PD4 

4CNT 

n 

IPD7 

* 

PD6 

* 

IPD5 

* 

IPD4 

3CNT 

= 

1PD7 

* 

IPD6 

* 

PD5 

* 

PD4 

2CNT 

= 

!PD7 

* 

1PD6 

* 

PD5 

* 

!PD4 


END$ 

EPLD ADF for Presence Detect WAIT-State Generator (Continued) 


Decoding Truth Table for “Multiplexing” Data Bus of PCMCIA/JEIDA Memory Card 


System Bus Width 

Data Transfer 

CSH 

CSL 

Ao 

1 

2 

3 

8 or 16 

None 

1 

1 

X 

1 

1 

1 

8 or 16 

Lo-Byte 

1 

0 

0 

0 

1 

1 

8 

Hi-Byte to Lo-Byte 

1 

0 

1 

1 

0 

1 

16 

Hi-Byte 

0 

1 

X 

1 

1 

0 

16 

Low and High Byte 

0 

0 

X 

0 

1 

0 


NOTE: 

References Figure 8 in Memory Card Section. 
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PAGE MEMORY BOARD 
SCHEMATICS 



I/O A MEM DECODE 


—§2 GND 
— It r eset 

■— fr +5V 
— ir IRQ9 

— H _5v 

— ~ DRQ2 
— It -12V 

— H ows 

+12V 

-§7T GND 

-§77 SMEMW# 
— frr SMEMR# 
—§77 tow# 
-fii- IOR# 
-Iff DACK3# 
-|lf DRQ3 
-§7T DACK1# 

“HI DRQ1 

Ji Jf FRESH * 

-§§7 ™ 

-fir ,RQ5 

"HI ,RQ3 
-Hr “5 K2 ‘ 


SDO 

I/O CH ROY# 
AEN 
SA19 
SA1 8 
SA1 7 
SA16 
SA1 5 
SAM 
SA13 
SA12 


JC/D1 

MEMOS 16# 

SBHE 


LA23 

IRQ 10 

LA22 

IRQ 11 

LA21 

IRQ 12 

LA20 

IRQ 13 

LAI 9 

IRQ 14 

LAI 8 

DACKO# 

LAI 7 

DRQO 

MEMR# 

DACK5# 

MEMW# 

DRQ5 

SD8 

DACK6# 

SD9 

DRQ6 

SD10 

DACK7# 

SD1 1 

DRQ7 

SD12 

♦5V 

SOI 3 

MASTER# 

SD14 

GND 

SD15 

CONNECTOR PC- 

-AT- 10 
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=1 


k IODO 2 


JODI 


k I0D2 


k I0D5 5 


k I0D4 6 


k I0D5 


IOD6 


8 


k IOD7 


ID2 19, 




IOD 7 


ID3 19, 


1 


A1 

B1 

A2 

B2 

A3 

B3 

A4 

B4 

A5 

B5 

A6 

B6 

A7 

B7 

A8 

B8 

G 


dir 



l 

74F245 

U33 


A1 

B1 

A2 

B2 

A3 

B3 

A4 

B4 

A5 

B5 

A6 

B6 

A7 

B7 

A8 

B8 

G 


DIR 



17 


16 


15 


14 


13 

c 

12 


11 



SWB1 

SWB2 

SWB3 

SWB4 

SWB5 

SWB6 

SWB7 

SWB8 


Vcc 


[ \ 1QD1 


IOD 2 


I SWB1 
I SWB2 
I SWB3 
I SWB4 
I SWB5 
I SWB6 
I SWB7 
I SWB8 


BIOR # 


BIOW S 


VPPEN # 


WINDOW ADDRESS 




£L> 


IODO 


IOD 3 


I 0 D 4 


U3? (WRITE PAGE #) 
2 PSO / 


k IODO 


JODI 


k I0D2 


k IOD 3 


I 0 D 4 


IOD5 


IOD 6 


k IOD 7 


D1 

m 

D2 

Q2 

D3 

03 

D4 

Q4 

D5 

Q5 

D6 

Q6 

D7 

Q7 

D8 

Q8 

V CLK 

\ CLR 

1 

74F273 

U38 


A1 

B1 

A2 

B2 

A3 

B3 

A4 

B4 

A5 

B5 

A6 

B6 

A7 

B7 

A8 

B8 

G 


DIR 



(READ PAGE #) 


18 PSO 


15 PS3 /% 


PS7 JP1 


k PS5 JP2 

N— — o ' 


a 


K^U JP4 


JUMPER 


k PS4 JP7 
l> ■■■■■ ■■■ O O 
JUMPER 
PS2 JP8 


a 


rr 

o 1 


VOLTAGE GENERATOR 


► IOR# 

RESET# • 

► IOW# 

Vppi 

► I0D(0..7) 

+5V I 

► VppEN# 

BRDRST# B 

► RESET 

GND ■ 


- < RESET# | 
V PI 


31 


- < BRDRST# | 


W(0..7) 


PD(0..6) 


PRESENCE 

DETECT 



IODO 

2 



18 

PDO 



I0D1 

3 



17 

PD1 


k_ 

I0D2 

4 

A2 

B2 

16 

PD2 


k. 

I0D3 

5 



15 

PD3 

_/ 

k. 

I0D4 

6 



14 

PD4 


V 

I0D5 

7 


QC 

KOI 

EBi 

m\ 

k_ 

I0D6 

8 


DO 

IF1 

mssm 


■a 

lEEM 

n 

A7 

A8 

B7 

B8 

” 


G 

DIR 


W(0..7) > 


PP(o.6) > 


P(0..7) 


1 6BIT# > 


EEH I 


292079-4 
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j KA(0..14)> 




I MEHt0..3) 3 — 

i.ffl 53D— 

| RESET# _> — 
<PD(o..6) H— 

BED— 

CSOE>— 

DUD— 

rCNDl — 

GND 
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I/O Port Usage for PCAT 


Range 

Usage 

0390-0393h 

Cluster (Adapter 0) 

03a0-03a9h 

BSC Communications (Primary) 

03b0-03bfh 

Monochrome/ Parallel Printer 
Adapter 

o 

CO 

o 

0 

1 

o 

CO 

o 

3 1 

EGA (Primary) 

03d0-03dfh 

CGA 

03f0-03f7h 

Floppy Disk Controller 

03f8-03ffh 

Serial Communications (COM 1) 

06e2-06e3h 

Data Acquisition (Adapter 1) 

0790-0793h 

Cluster (Adapter 1) 

0ae2-0ae3h 

Data Acquisition (Adapter 2) 

0b90-0b93h 

Cluster (Adapter 2) 

0ee2-0ee3h 

Data Acquisition (Adapter 3) 

1390-1393h 

Cluster (Adapter 3) 

2390-2393h 

Cluster (Adapter 4) 

42e1h 

GPIB (Adapter 2) 

62e1h 

GPIB (Adapter 3) 

82e1h 

GPIB (Adapter 4) 

a2e1h 

GPIB (Adapter 5) 

c2e1h 

GPIB (Adapter 6) 

e2e1h 

GPIB (Adapter 7) 


Range 

Usage 

OOOO-OOOfh 

DMA Controller 1.8237A 

0020-0021 h 

Interrupt Controller 1 , 8259A 

0040-005fh 

Programmable Timer, 8254 

0060-006fh 

Keyboard Controller, 8042 

0070-007fh 

CMOS Real-Time Clock, NMI 

Mask 

0080-009fh 

DMA Page Registers, 74LS612 

OOaO-OOalh 

Interrupt Controller 2, 8259A 

OOcO-OOdfh 

DMA Controller 2, 8237A 

OOfO-OOffh 

Math Coprocessor 

01 fO— 01 f8h 

Fixed Disk 

0200-020fh 

Game Controller 

0278-027fh 

Parallel Printer Port 2 

02b0-027dfh 

EGA (Alternate) 

02e1h 

GPIB (Adapter 0) 

02e2-02e3h 

Data Acquisition (Adapter 0) 

02f8-02ffh 

Serial Communications (COM2) 

0300-031 fh 

Prototype Card 

0360-036fh 

PC Network 

0378-037fh 

Parallel Printer Port 1 

0380-038ch 

SDLC Communications 
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ASSEMBLY LANGUAGE CODE FOR PAGED BOARD 


.******«##**#**##*******«*****************♦**********«#***«*«*«*#«#«##*#**#« 

;Locating the Base I/O Address. 

;B0ARD.N0T.F0UND is an error procedure and is not shown. 

BRD.IDO 

dw 

4 dup ( ? ) 

Window_Base 

dw 

9 

Presence_Detect 

dw 

? 

VpPEN 

dw 

V 

Page_Number 

dw 

? 

mov dx,02F8h 


;Set port pointer to 02F8H. 

KEEP.L00KING : 



add dx,8 


;First valid address after adding. 

cmp dx,318 


;Port pointer = 8 less than highest port address? 

jg board.not.found 

;Hey, you forgot to install the board!!! 

in al,dx 


;Read port data into al register. 

cmp al,0Dh 


;Does register = 1st identifier value? 

jne KEEP.LOOKING 


;Not equal — * Not located yet 

inc dx 



in al,dx 



cmp al,0Ah 


;Does register = 2nd identifier value? 

jne KEEP.LOOKING 



inc dx 



in al,dx 



cmp al,01h 


;Does register = 3rd identifier value? 

jne KEEP.LOOKING 



inc dx 



in al,dx 



cmp al,0Eh 


;Does register = last identifier value? 

jne KEEP.LOOKING 


;T00 BAD, you almost had it ! 

;F0UND-Good Job! 



sub dx,3 


;Restored to base address. 

mov BRD.ID0,dx 


;Save the value in RAM. 


Locating the Base I/O Address 


NOTE: 

A review of 8086 asembly language programming fundamentals might be necessary at this point. 
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;Locating the Base Memory Address 

;This Information is loaded into a segment register to access data 

• sJ:##$##:fc#########5[c$#:{s5je3{cs}«##5!e5}cs{c:!{e>jcsje:{csJe>jc#>}ejj<:{csjesje>i«>^s}<>jes}s5}s>ics!c>ic>!c>!c>je5}c>!es}:s}:s! {5 i c ## 5 5' s { c ## 5 i { ## > i es i { >!c ! { s> } :i l c >i es i i: 

» 

mov ax,0 ;Clear register 

mov dx,Window_Base ;Port pointer = I/O to read base memory address 

in al,dx ;Read port 

mov bx,256 

mul ax ;Shifts address information left, 

mov es,ax ;es used as segment register for board. 


6-362 





AP-343 



^Determining Memory Capacity 

Density_Lookup_Table dw ?, ?,0fffh,7ffh,03ffh 
DENSITY dw ? 


mov ax,0 

mov dx, Page .Number 
mov al,0 
out ax,cii 

mov dx,Presence_Detect 

in al,dx 

and al,23H 

cmp al,20H 

jng skip.or 

or al,4 


;Clears register. 

;Port pointer accesses page number. 


; Writs a zero to page number hardware ^ 

;Port pointer accesses presence detect pins, 

;Clears all but density information. 

;Checks if PD6 is set. 

;If greater than 20H, set bit 2 of al. 


;Go to density lookup table, translate value from PD pins, store in RAM 
;variable DENSITY. Density value must be 2, 3, or 4 to be valid, 
skip.or : 
cmp al,4 
je okay 
cmp al,3 
j e okay 
cmp al,2 
je okay 

jmp Unknown.Device ;Invalid or no SIMMs present, routine not shown. 

;Base address of density lookup table stored in bx register, 
mov bx, offset Density.Lookup.Table 

mov si, ax ;si register will be pointer into density table 

^Density values for 1M-4M, multiples of 1 Kbytes, stored in lookup table, 
mov ax,[bx+si] ;Density read into ax register 

mov DENSITY, ax 

;Read the device identifier. Use the es segment register for the base 
;address of the memory. 

;28F010 = 0B4h,28F020 = OBDh 

mov ax, DENSITY ;Put RAM held density info into ax. 

mov bx,l 

mov es:[bx],90H ;Write ID command, 

mov bx,es:[bx] ;Read device identifier, 

cmp bx , 0B4h 
je 1MEG 


Determining Memory Capacity 
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cmp bx,OBDh 
je 2MEG 

jmp Unknown_device ;If other than 28F010 or 28F020. 

;Divide SIMM density by component density to determine number of components 
;on SIMM. 

1MEG : 

mov bx,3FFh 

div ax ;Divide ax/bx, # of components stored in al. 

jmp NEXT_0PERATI0N 

2MEG : 

mov bx , 7FFh 
div ax 

jmp NEXT_OPERAT I ON 

;Read from the next SIMM location to verify its presence. 

;As an example, assume that the SIMM's density is 1 Mbyte. 

;A 1 Mbyte SIMM has 16 pages, 
mov dx,Page_Number 
mov al,16 

out dx,al ;Switch to Page 16 for next SIMM location, 

mov bx,l 

mov ex:[bx],90H ;Write ID Command to first device of next SIMM, 

mov ax,es:[bx] ;Read the identified. Invalid data = empty socket 

;Repeat the process for all SIMMs. 


Determining Memory Capacity (Continued) 
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INTRODUCTION 

A universal memory site permits end-product flexibility 
and cost reduction at product maturity. This applica- 
tion brief illustrates the design of a universal DIP site 
that accepts Intel’s ETOX™ flash memory, EPROM, 
EEPROM, and SRAM. 


ETOX™ FLASH MEMORY 

Intel’s ETOX flash memory offers the most cost-effec- 
tive and reliable alternative for read-write random-ac- 
cess nonvolatile memory. Flash memory adds electrical 
chip-erasure and rewrite capability to EPROM density 
and non volatility. Memory contents can be rewritten: 
in a test socket; in a PROM-programmer socket; on- 
board during subassembly test; in-system during final 
test; and in-system after sale. Flash memory increases 
memory flexibility while contributing to time- and cost- 
savings. 

Flash memory is ideal for storing code and data tables 
in embedded control applications where periodic up- 
dates are required. With extended cycling capability, 
Intel flash memory also offers an innovative alternative 
for mass storage. 


Figure 1 illustrates the flash memory density upgrade 
path for both 32-pin DIP and 32-lead PLCC configura- 
tions. System designs using the 256 K-bit device can 
increase memory capacity eightfold with no hardware 
change. 


FLASH MEMORY— EPROM SITE 

In most systems, code is more volatile during the proto- 
typing and early production stapes of the system’s life 
cycle. EPROMs must be removed from the system for 
replacement or reprogramming. EPROM updates are 
labor intensive and hence expensive, adding cost to sys- 
tem design, manufacturing, and after-sale service. Oth- 
er alternatives have been more costly or less reliable. 

The remote update capability of flash memory simpli- 
fies updates. New code can be introduced over any seri- 
al communication line. No disassembly as such, many 
designers have opted to use flash memory prototyping 
and early production. As the system matures and code 
updates cease, the balance of production can be con- 
verted to EPROM for further cost reduction when a 
compatible memory site is used. This is the most cost- 
effective approach, since flash memory equals EPROM 
in density while its cost difference is far less than that of 
manually updating EPROMs. 


Intel Flash Memory Products 


Byte-Wide Flash Memory In 32-Pin DIP 


Byte-Wide Flash Memory in 32-Pin PLCC 




Figure 1. Intel Flash Memory DIP and PLCC Pinouts 
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Figure 2 illustrates the jumpers necessary to convert 
between 32-pin flash devices and 28-pin or 32-pin 
EPROM devices. For 256K or 512K densities, jumpers 
A, C, and F would be used for flash memory operation. 
Jumpers B, D, and E would be used for EPROM. 



Figure 2. Flash Memory — EPROM DIP Site 


The conversion is simpler for one-megabit and two-me- 
gabit densities as both flash memory and EPROM 
share the 32-pin configuration. Jumper C would con- 
nect the Vpp supply for flash memory operation. Jump- 
er D would route Vcc to the Vpp pin for EPROM 
read-only operation. 

The write-enable trace used for flash memory can re- 
main hard-wired. The PGM input to EPROMs is a 
“don’t care” for read operations, when the voltage ap- 
plied to the Vpp pin is between Vcc anc * ground. 

When PLCC EPROMs were first introduced, the pack- 
aging technology used leads 1 and 17 for mechanical 
support of the die. Pins 1 and 17 were unavailable and 
were labeled “don’t use”. As packaging technology 
evolved, different means of mechanical support allowed 
the use of leads 1 and 17. 


FLASH MEMORY— SRAM SITE 

In recent years, designers have turned to battery- 
backed SRAMs for flexible nonvolatile storage, espe- 
cially in consumer-oriented or very price-sensitive de- 
signs. In, applications desiring updatable code or data 
table storage, or data accumulation, flash memory of- 
fers a more dense, cost-effective, and reliable alternative 
to battery-backed SRAMs. 

The SRAM memory cell requires four or six transistors 
to store a bit of information. Intel’s flash memory em- 
ploys a single transistor cell. As such, flash memory 
garners an immediate density advantage. And since 
density translates into cost-per-bit effectiveness, flash 
memory is roughly one-half the price of the battery- 
backed SRAM solution. 

Beyond the cost/density advantage, flash memory pro- 
vides greater data integrity. Battery failure is unpredict- 
able, resulting in system downtime and loss of critical 
data. Eliminating the battery means eliminating battery 
limitations — mechanical holders, special access re- 
quired for battery maintenance, and limited durability 
in harsh environments. 

It is still useful to be able to design an SRAM/flash 
memory-compatible site for a general-purpose memory 
board. This allows custom configuration of the memory 
map = SRAM for working data (scratchpad) and flash 
memory for non-volatile code and archival data stor- 
age. 

Figure 3 illustrates the jumpers required to reroute 
A14, A15, and the write-enable signal. Jumpers A, C, 
and F are used for flash memory operation. Jumpers B, 
D, and E are used for SRAM. 


Flash To SRAM 


Flash memory and one-megabit EPROMs use this new- 
er packaging technology. In 32-lead PLCC, as in the 
32-pin DIP, flash is upgradable from 25 6K through 
two-megabits with no hardware change. However, a 
conversion from 256K or 512K PLCC flash to a like- 
density EPROM requires relayout of the board, as the 
address lines and power supplies have a different orien- 
tation. At the 1M and 2M densities, the conversion is 
quite simple and is the same as the DIP strategy. A 
jumper removes Vpp and applies Vcc to the Vpp pin 
for EPROM read-only operation. 


A15 A14 V cc WE A15 A14 



Figure 3. Flash Memory — SRAM DIP Site 
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FLASH MEMORY— EEPROM SITE 


DESIGNING THE UNIVERSAL SITE 


EEPROM has long-promised flexible, dense, and cost- 
effective nonvolatile storage. EEPROM offers a high 
degree of functionality — the ability to alter data on an 
individual-byte basis. However, EEPROM is burdened 
with high cost, low density, and erase/write cycling 
wearout. 


The site in Figure 5 combines the strategies in the pre- 
vious sections and illustrates the design of a universal 
site to accept flash memory, EPROM, SRAM, or 
EEPROM. Table 1 is a pin-by-pin comparison of devic- 
es on each technology for use with the universal memo- 
ry site. 


The EEPROM memory cell consists of two transistors, 
a floating gate tor cnarge storage and a select u diiSiStGi . 
Intel’s flash memory employs a single transistor cell. 
Immediately, flash garners a density advantage. Again, 
density leads to cost-effectiveness, making flash less 
than half the price of EEPROM. 

Often, the high level of functionality of EEPROM is 
overkill for many applications. Designing the memory 
site to accommodate flash, in addition to EEPROM, 
allows manufacturing to easily switch to flash when 
EEPROM functionality is not required or where like 
the SRAM, it allows flexibility in combining EEPROM 
and flash memory on a general-purpose memory board. 

Figure 4 illustrates the jumpers required to reroute 
A 14, A 15, and write-enable (256K only). Jumpers A 
and D are connected for flash memory operation. 
Jumpers B and C are used for 256K EEPROM opera- 
tion. Jumpers A and D are used for one-megabit 
EEPROM operation. 



Figure 4. Flash Memory— -EEPROM DIP Site 



SUMMARY 

This application brief has illustrated the hardware de- 
sign steps needed to specify a universal memory stie 
that accommodates Intel’s flash memory, EPROM, 
SRAM, and EEPROM. By designing memory sites for 
multiple memory technologies, production can be easily 
retrofitted to use the device that makes most sense dur- 
ing the different stages of the product life cycles or to 
customize a general-purpose design for unique applica- 
tions. 
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SRAM 

E2 

"EPROM 

FLASH 

DIP Pin 


FLASH 


EPROM 


E2 

SRAM 

1M 256K 

1M 256K 

2M 1M 512K 

256K 

2M 1M 512K 

256K 

Number 

256K 

51 2K 1M 

2M 256K 

512K 1M 

2M 

256K 1M 

256K 1M 

NC 

NC 

Vpp Vpp 


Vpp Vpp Vpp 

Vpp 

1 32 

Vcc 

Vcc V C C 

Vcc 

Vcc 

Vcc 

Vcc 

Vcc 

A16 

A16 

A16 A16 


A16 A16 NC 

NC 

2 31 

We 

WE WE 

WE 

PGM 

PGM 

WE 

A15 

A14 A14 

A15 A14 

A15 A15 A15 

Vpp 

A15 A15 A15 

NC 

3 30 

NC 

NC NC 

A17 V CC 

V CC NC 

A17 

V C C NC 

V CC CS2 

A12 A12 

A12 A12 

A12 A12 A12 

A12 

A12 A12 A12 

A12 

4 29 

A14 

A14 A14 

A14 A14 

A14 A14 

A14 

WE A14 

WE WE 


Table 1. Pin Configurations by Technology and Density 
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INTRODUCTION 

Intel’s ETOX™ n (EPROM tunnel oxide) flash mem- 
ory technology is derived from the CHMOS** III-E 
EPROM technology. It replaces ultraviolet erasability 
with a non-volatile memory cell that is electrically eras- 
able in bulk array form. Intel flash memory combines 
the EPROM programming mechanism with EEPROM 
erase, producing a versatile memory device that is high- 
ly reliable and cost effective. This report describes the 
fundamentals of the ETOX II flash memory cell in 
comparison to the standard EPROM, and gives insight 
into its operation in a system environment. 

The ETOX II flash memory cell is nearly identical in 
size to CHMOS III-E EPROM. This allows compara- 
ble densities. The primary difference between ETOX II 
flash memory and EPROM cells is the flash memory 
cell’s thinner gate oxide, which permits the electrical 
erase capability. (See Photo 1.) 

ETOXTM || FLASH MEMORY CELL 

Intel’s ETOX II flash memory cell is composed of a 
single transistor with a floating gate for charge storage, 
like the traditional EPROM. (See Figure 1.) In con- 
trast, conventional two-transistor EEPROM cells are 
typically much larger. Intel produces ETOX II flash 
memory devices on l.Ojm photolithography. 

The ETOX II cell’s programming mechanism is identi- 
cal to the EPROM; that is, hot channel electron injec- 
tion. The device programming mode forces the cell’s 
control gate and drain to a high voltage while leaving 
the source grounded. The high drain voltage generates 
“hot” electrons that are swept across the channel. 
These hot electrons collide with other atoms along the 
way, creating even more free electrons. Meanwhile, the 
high voltage on the control gate attracts these free elec- 
trons across the lower gate oxide into the floating gate, 
where they are trapped. (See Figure 2.) Typically, this 
process takes less than 10 juls. 

Flash memory’s advantage over EPROM is electrical 
erasure, discharging the floating gate without ultravio- 
let light exposure. The erase mechanism is an 
EEPROM adaptation which uses “Fowler-Nordheim”! 
tunneling. A high electric field across the lower gate 
oxide pulls electrons off the floating gate. The erase 
mode routes the same external voltage used for pro- 
gramming to the source of the memory cell, while the 
gate is grounded and the drain is left disconnected. 
(Figure 3.) 


MEMORY ARRAY CONSIDERATIONS 

The ETOX II flash memory cells have the same array 
configuration as standard EPROM, thereby matching 
EPROM in density. Also, identical peripheral circuitry 
for normal access achieves the same read performance 
as the Intel CHMOS III-E EPROMs. 

Intel flash memory’s programming circuitry is also 
identical to Intel’s EPROM designs. Row decoders 
drive the selected wordline to high voltage, while input 
data combined with column decoders determine ihe 
number of bitlines that are gated to high voltage. This 
provides the same byte programmability as an 
EPROM. Intel flash memories offer the efficient Quick- 
Pulse Programming™ algorithm that is featured on 
advanced EPROMs. 

Array erase is unique to flash memory technology. Un- 
like conventional EEPROMs, which use a select tran- 
sistor for individual byte erase control, flash memories 
achieve much higher density with single transistor cells. 
Therefore, the erase mode supplies high voltage to the 
sources of every cell simultaneously, performing a full 
array erasure. A programming operation must be per- 
formed before every erase to equalize the amount of 
charge on each cell. Then Intel’s Quick-Erase™ algo- 
rithm intelligently erases the array down to the appro- 
priate minimum threshold level required to read all 
“ones” data. This procedure ensures a tight distribution 
of erased cell thresholds throughout the array. 

ETOXTM || FLASH MEMORY 
RELIABILITY 

The reliability of Intel’s CHMOS ETOX II flash mem- 
ory process is equivalent to its sister EPROM technolo- 
gy. The ETOX II and EPROM processes share the 
same data retention characteristics. Preliminary qualifi- 
cation data shows that 1 Megabit flash memories pro- 
duced on the ETOX II process provide at least 10,000 
program and erase cycles with no cycling failures due 
to oxide stress or breakdown. In fact, several 1 Megabit 
flash memories were cycled past 100,000 cycles with no 
apparent oxide damage. This extended cycling capabili- 
ty is attributed to improvements in tunnel oxide pro- 
cessing and advantages inherent in the ETOX II cell 
approach. 


1 M. Lenzlinger, E.H. Snow, “Fowler-Nordheim Tunneling into Thermally Grown Si02,” Journal of Applied Physics, Vol. 40 
(1969), p. 278. 

Intel’s ETOX II flash memory process has patents pending. 

**CHMOS is a patented process of Intel Corporation. 
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SUMMARY 

ETOX II flash memory technology is the optimal com- 
bination of EPROM and E 2 PROM technologies. In- 
tel’s new ETOX II flash memory process offers extend- 
ed cycling capability with the density and manufactura- 
bility of EPROMs. From an application standpoint, 
flash memory technology provides the capability to 
improve overall system quality throughout the product 


development and manufacturing stages. Also, flash 
memory density is ideally suited for applications requir- 
ing version updates of entire programs which, in turn, 
suit the “flash” characteristics of erasing the entire ar- 
ray at once. In addition, individual byte programming 
allows for data acquisition. Flash memory devices pro- 
duce on the ETOX II process provide a high density, 
low cost solution to many system memory storage re- 
quirements which were previously unavailable. 


Table I 



EPROM 

ETOXtmii Flash 
Memory 

EEPROM 

Normalized Cell Size 

1.0 

1. 2-1.3 

3.0 

Programming: 

Mechanism 

Resolution 

Typ. Time 

Hot Electron 
Injection 

Byte 

< 100 ju,s 

Hot Electron 
Injection 

Byte 
< 10 jms 

Tunneling 

Byte 

5 ms 

Erase: 

Mechanism 

Resolution 

Typ. Time 

' 

UV Light 

Bulk Array 

20 Min. 

Tunneling 

Bulk Array 
< 1 Sec. 

Tunneling 

Byte 

5 ms 



SELECT GATE 



294005-2 

Figure 2. ETOXtmh Flash Memory Cell during Programming (Side View) 
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INTRODUCTION 


DEVICE ARCHITECTURE 


Intel’s 28F010 ETOXTM h (EPROM tunnel oxide) 
flash memory adds electrical chip erasure and repro- 
gramming to EPROM non- volatility and ease of use. 
Advances in tunnel oxides and photolithography have 
made it possible to develop a double-polysilicon single- 
transistor read/write random access nonvolatile memo- 
ry, capable of greater than reprogramming cycles (typi- 
cal 100,000). The 28F010 flash memory electrically 
erases all bits in the array matrix via electron tunneling. 
The EPROM programming mechanism of hot electron 
injection is employed for electrical byte programming. 

A command port interface, internal margin voltage 
generation, power up/down protection and address and 
data latches augment standard EPROM circuitry to 
optimize Intel’s 28F010 for microprocessor-controlled 
reprogramming. 

Read timing parameters are equivalent to those of 
CMOS EPROMs, EEPROMs, and SRAMs. The 
120 ns access time results from a memory cell current 
of approximately 50 jaA, low resistance poly-silicide 
wordlines, advanced scaled periphery transistors, and 
an optimized data-out buffer. 

The dense one-transistor cell structure, coupled with 
high array efficiency, yields a one megabit die measur- 
ing 225 by 265 mils. 

TECHNOLOGY OVERVIEW 

Intel’s ETOX II flash memory technology is derived 
from its standard CMOS EPROM process base. Using 
advanced 1.0 jam double-polysilicon n-well CMOS 
technology, the 131,072 x 8 bit flash memory employs a 
3.8 jam x 4.0 jam single transistor cell, affording equiva- 
lent array density as comparable EPROM technology. 
The flash memory cell structure is identical to the 
EPROM structure, except for the thinner gate (tunnel) 
oxide. Figure 1 compares the flash memory cell to the 
EPROM cell. 

High quality tunnel oxide under the single floating 
polysilicon gate promotes electrical erasure. All cells in 
the array are simultaneously erased via Fowler- 
Nordheim tunneling. Applying 12V on the source junc- 
tions and grounding the select gates erases the entire 
array in one second (typical). Programming is accom- 
plished with the standard EPROM mechanism of hot 
electron injection from the cell drain junction to the 
floating gate. Programming is initiated by bringing both 
the select gate and the cell drain to high voltage. Pro- 
gramming occurs at a rate of 10 jas pulses per byte. 


Command Port 

One feature which differentiates Intel’s one-megabit 
flash memory is the command port architecture, illus- 
trated in Figures 2 and 3. 

The command port simplifies microprocessor control of 
the erase, erase verify, program, program verify, and 
read operations, without the need for additional control 
pins or the multiplexing of high voltage with control 
functions. On-chip address and data latches minimize 
system interface logic and free the system bus during 
erase and program operations. High voltage (12V) on 
the Vpp pin enables the command port. In the absence 
of this high voltage, the command port defaults to the 
read operation, inhibiting erasure or programming of 
the device. 


EPROM Cell 
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Figure 1. EPROM Cell vs. Flash Memory Cell 


The command port consists of a command register, 
command decoder and state latch, the data-in latch, 
and the address latch. The command decoder output 
directs the operation of the high voltage flash-erase 
switch, program voltage generator, and the erase/pro- 
gram verify voltage generator. 

Functions are selected via the command port in a mi- 
croprocessor write cycle controlled by the Chip-Enable 
and Write-Enable pins. Contents of the address latch 
are updated on the falling edge of Write-Enable. The 
rising edge of Write-Enable latches the command and 
data registers, and initiates operations. 
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Erasure 


DEVICE RELIABILITY 


Erasure is achieved through a two-step write sequence. 
The erase set-up code is written to the command regis- 
ter in the first cycle. The erase confirmation code is 
written in the second cycle. The rising edge of this sec- 
ond Write-Enable pulse initiates the erase operation. 
The command decoder triggers the high voltage flash- 
erase switch, connecting the 12V supply to the source 
of all bits in the array, while all wordlines are ground- 
ed. Fowler-Nordheim tunneling results in the simulta- 
neous erasure of all bits. 

The array source switch, shown in Figure 4, switches 
high voltage onto the source junctions. During erasure, 
the high voltage latch formed by M5 through M8 en- 
ables transistor Ml 5. Transistor Ml 5 pulls the array 
source up to 12V. Transistor M16 pulls the source to 
ground during read and program operations. 

To obtain fast erase times, the device must supply the 
grounded gate breakdown current which occurs on the 
sources of the memory array. The upper boundary for 
current sourcing capability of Ml 5 is set by the maxi- 
mum allowable substrate current. If Vpp is raised to 
12V before Vcc is above approximately 1.8V, the low 
V<x detect circuit formed by transistors Ml to M4 
drives the node LOW Vcc to 9V. Transistors M9 to 
Mil then force the erase circuit into a non-erase state 
with M 15 off and M16 on. When Vcc r i ses above 1.8V, 
the chip will be reset into the read state. 

Writing the erase verify code into the command register 
terminates erasure, latches the address of the byte to 
Verify, and sets the internally-generated erase margin 
voltage. The microprocessor then accesses the output 
from the addressed byte using standard read timings. 
The verify procedure repeats for all addresses. Should a 
byte require more time to reach the erased state, anoth- 
er erase operation is applied. The erase and verify oper- 
ations continue until the entire array is erased. 


Programming 

Programming follows a similar flow. The program set- 
up command is written to the command register on the 
first cycle. The second cycle loads the address and data 
latches. The rising edge of the second Write-Enable 
pulse initiates programming by applying high voltage to 
the gates and drains of the bits to be programmed. 

Writing the program verify command to the register 
terminates the programming operation and applies the 
program verify voltage to the newly programmed byte. 
Again, the addressed byte can be read using standard 
microprocessor read timings. Should the addressed byte 
require more time to reach the programmed state, the 
programming operation and verification are repeated 
until the byte is programmed. 


Cell Margining 

Erase and program verification ensure the data reten- 
tion of the newly altered memory bits. The cell margin- 
ing performed in the Quick-Pulse Programming™ and 
Quick-Erase™ algorithms is more reliable than histori- 
cal overpulsing schemes as margining tests the amount 
of charge sloicu un llic flcating gate. 

Intel’s flash memories employ a unique circuit to inter- 
nally generate the erase and program verify voltages. 
Figure 5 shows a simplified version of the circuit. The 
circuit consists of a high voltage switch and the verify 
voltage generator. Transistors Ml through M4 consti- 
tute the high voltage switch which disconnects Vpp 
from the resistor when the device is not in the verify 
mode. The verify voltage generator includes a resistor 
divider and a buffer. Internal margin voltage generation 
maintains microprocessor compatibility by eliminating 
the need for external reference voltages. 


Erase/Program Cycling 


One of the most significant aspects of the 28F010 is its 
capability for a minimum of 10,000 erase/program cy- 
cles (typical 100,000). Destructive oxide breakdown has 
been a limiting factor in extended cycling of thin oxide 
EEPROMs. Intel’s ETOX II flash memory technology 
extends cycling performance through: improved tunnel 
oxide processing that increases charge carrying capabil- 
ity ten-fold; reduced oxide area under stress minimizing 
probability of oxide defects in the region; and reduced 
oxide stress due to a lower peak electric field (lower 
erase voltage than EEPROM). 



A typical cell erase/program margin (Vt) is shown as a 
function of reprogramming cycles in Figure 6. After 
10,000 reprogramming cycles, a 2.5V program read 
margin exists, ensuring reliable data retention. Acceler- 
ated retention bake experiments, for devices cycled 
10,000 times, show minimal program Vt shift. 


Reliable erase/program cycling also requires proper se- 
lection of the erase Vt maximum and maintenance of a 
tight Vt distribution. The maximum erased Vt is set to 
3.2V via the erase algorithm and the internal erase veri- 
fy circuits. Superior oxide quality gives an erased Vt 
distribution width that improves slightly with cycling 
(Figure 7). The tight erase Vt distribution gives an or- 
der of magnitude of erase time margin to the fastest 
erasing cell (Figure 8). 
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Figures 9 and 10 illustrate typical programming per- 
formance as a function of cycling, temperature, and 
Vpp. Figures 11 and 12 depict typical erase perform- 
ance as a function of cycling, temperature, and Vpp. 

SUMMARY 

Intel’s ETOX II flash memory technology is a break- 
through in adding electrical chip-erasure to high-densi- 


ty EPROM technology. Intel’s 28F010 CMOS flash 
memory offers the most cost-effective and reliable alter- 
native for read/write random access non-volatile 
memory. Microprocessor-compatible specifications, 
straightforward interfacing, and in circuit alterability 
allow designers to easily augment memory flexibility 
and satisfy the need for nonvolatile storage in today’s 
designs. 



294008-3 


Figure 2. 28F010 Block Diagram 
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Figure 3. Command Port Block Diagram 
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Figure 9. 28F010 Typical Programming Capability 
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Figure 10. 28F010 Typical Program Time at 12V 
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Figure 11. 28F010 Typical Erase Capability 

6-384 







6-385 





■Her 


ER-24 



Figure 13. 28F010 Die Photograph 
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Pin Names 


Ao-A -16 
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DQ0-DQ7 

Data Input/Output 

CE 

Chip Enable 
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Output Enable 

We 

Write Enable 

Vpp 

Program/Erase Power 

Vcc 

Device Power 

Vss 

Ground 


Figure 14. 28F010 Pin Configurations 
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Columns are number 0 through 5 1 1 beginning with the column nearest the X-decoder. 
Outputs are grouped as follows: 



Figure 16. Wordline Decoding 
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Figure 16. Wordline Decoding (Continued) 
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Figure 17. Bit Map 
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DON’T WRITE OFF THE U. S. IN MEMORY CHIPS! 

The Japanese may own the dynamic RAM world, 
but the Americans are taking the lead in what 
ultimately may be the more important technology 


D on’t be too quick to write off the 
Americans in semiconductor memo- 
ries — a business that’s by far the big- 
gest chip market going these days. The 
longer-term memory picture is definite- 
ly turning brighter for U. S. chip mak- 
ers. This dramatic turnabout wasn’t the 
subject of any paper or panel at the 
recent International Solid State Circuits 
Conference. But it was the biggest sto- 
ry, as far as senior technical editors 
Sam Weber and Stan Runyon were con- 
cerned, at a meeting they had already 
labeled the strongest ISSCC ever. 

It seems clear that American memory technology now has 
a good shot at making a surprising and perhaps overwhelm- 
ing comeback. While many foreign governments and corpo- 
rate giants were investing hundreds of millions of dollars in 
chip plants to turn out millions of low-cost, low-profit dynamic 
RAMS, several U. S. semiconductor houses have been working 
quietly for several years to develop a new kind of memory 
that now stands an excellent chance of eclipsing the dynamic 
RAM’s influence on computer design. 

The potential of this new challenger, called the flash memo- 
ry, is staggering (see p.47). If the new class of memory 
moves into volume production as expected — and there seem 
to be few technological reasons for it not to — it will be 
denser, maybe faster, and more reliable than any other type 
, of semiconductor memory. Flash memory not only will re- 

store the memory-chip leadership to the U. S. if it pans out as 
we think it will, but also will radically alter computer architec- 
ture. It will likely displace magnetic disks for program stor- 
age as well as allow computers to be designed with all non- 
volatile memory. The potential of the dense flash memories is 
so vast that Intel, which has been working hard on flash 
processes for four years, has decided to fold its triple-poly 
EEPROM program and concentrate instead on flash. 

Flash may also be arriving just in the nick of time. Despite 
the glamour of reaching 16-Mbit parts, the dynamic RAM is 
running out of steam in density improvement. Trench capaci- 
tors and other processing and circuit tricks are troublesome 
and require painstaking care in processing. Flash memories, 
on the other hand, can be made with one-transistor cells, are 
highly scalable, and do not need elaborate engineering. While 
the Japanese may own the dynamic RAM world, the U. S. is in 
a strong position to take the lead in what ultimately may be 
the more important memory technology. Robert w. henkel 

© 1988, Reprinted with permission from ELECTRONICS, Electronics/ March 3, 1988 

a McGraw-Hill Publication, March 3, 1988. 
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PROBING THE NEWS 


HIGH-DENSITY FLASH EEPROMS ARE ABOUT 
TO BURST ON THE MEMORY MARKET 


They could end up being the dominant low-cost, high-density memory 


by J. Robert Lineback 


T he market is about to be hit with a 
wave of new electrically erasable non- 
volatile memory chips that may soon 
match the bit density of dynamic random- 
access memories. This emerging breed of 
programmable read-only memories — built 
with single-transistor cells and called 
flash EEPROMs — could pack 64 Mbits on 
a chip by the turn of the century. 

At least a half dozen silicon mer- 
chants — among them such giants as In- 
tel, National Semiconductor, Texas In- 
struments, and Toshiba — are working 
on flash EEPROMs, using a variety of 
cell layouts (see figure). First out of the 
gate will be a CMOS 512-Kbit flash EE- 
PROM, coming this month from Seeq 
Technology Inc. in San Jose, Calif. 
Right on Seeq’s heels is Intel Corp., 
which has developed what executives 
will only say is a significant “process 
trick” for its flash parts that allows it to 
use the same design as in its ultraviolet 
erasable PROMs. 

RADICAL CHANGE. Intel believes that by 
the year 2000, flash memories will 
emerge as the low-cost, high-density 
champion memory. If they are right, flash 
EEPROMs could radically change system 
architectures, making it possible to build 
computers with all-solid-state memory 
systems. The flash EEPROMs would be 
the only direct-access mass storage in the 
system, replacing disk drives feeding 
DRAM-based main memory. 

Flash memories are a marriage of 
conventional EEPROM and EPROM 
technologies, offering the high densities 
of EPROM thanks to one-transistor 
cells. The write operation is like that of 
EPROMs, using hot-electron injection. 
The erase operation borrows the mecha- 
nism of floating-gate EEPROMs — elec- 
trical erasure by cold-electron tunneling. 

Most full-featured EEPROMs have 
two-transistor cells and can reprogram 
individual bytes one at a time. In con- 
trast, the entire contents of flash-EE- 
PROM arrays are erased quickly and si- 
multaneously. The flash memory trades 
selective-erase capabilities for space-sav- 
ing single-transistor cells. 

“Flash” also describes the way the new 


memory’s market segment is expected to 
grow, surging from near nothing today to 
over $1 billion in the early 1990s (see 
chart, left). The flash movement has be- 
come so explosive that market researcher 
Dataquest Inc., San Jose, Calif., is wait- 
ing for key product unveilings before it 


will venture any formal forecasts of the 
business’s growth. “We have made some 
initial estimates that show it could repre- 
sent a third of the total nonvolatile area 
[by 1992], if all of the companies we think 
are going to be in the business are actual- 
ly in volume production,” says Mary Ols- 
son, an industry analyst at Dataquest. 

TCie potential density of EEPROMs is 
what has got everyone excited. DRAMs 
are hitting a density barrier, says Bruce 
McCormick, product marketing manager 
at Intel— it is getting harder and harder 
to reduce the space needed for the capaci- 
tors that store charge in each cell to re- 
tain data.' Many flash-memory proponents 
agree. They see nothing but problems for 
DRAM makers trying to push the density 
of their parts in coming years. 

Most observers also agree, though, that 
flash parts will not threaten DRAMs 


right away. Nor will they cut quickly into 
EEPROM sales. Right now they pose a 
real threat to EPROMs. Because of their 
high cost, conventional EEPROMs did 
not, as some thought they would, push 
EPROMs out of the market. Flash EE- 
PROMs, however, could succeed where 
full featured EEPROMs failed. 

Although flash has tremendous 
market potential, vendors are being 
cautious about projections. “There 
will be room for all three types of 
nonvolatile memory: flash, UV- 
EPROM, and full-featured EE- 
PROM,” says Mike Vilott, vice presi- 
dent of marketing at Seeq. “There is 
a slight price and space penalty for 
flash, but there are also benefits.” 
The benefits are electrical erasability 
and the ability to test parts, which 
can not be done for EPROMs in 
cheap windowless packages. 

Two styles of flash memories are 
being developed by most suppliers. 
One is aimed at EPROM sockets, 
the other at price-sensitive EE- 
PROM jobs that don’t require byte 
erasure. Seeq is working on prod- 
ucts in both styles. 

Seeq, the first company to move 
flash EEPROMs into the market- 
place with an nMOS part [Electron- 
ics, Aug. 21, 1986, p. 53], uses a split- 
gate layout. The top layer of polysilicon 
forms the control gate, slopping down 
over a portion of the channel to form a 
select device. The folded-structure cell 
takes up about 10% more space than a 
conventional EPROM cell, says Gary 
Rauh, strategic marketing manager at 
Seeq, which will use its split-gate design 
in the CMOS flash memories being intro- 
duced later this month. 

Allied with Seeq and also working on 
the design of the two flash families is 
National Semiconductor Corp. The pact 
between Seeq and National, signed last 
fall, is aimed at establishing feature-set 
standards quickly in the emerging mar- 
ket. They need to move fast; coming up 
behind them are a host of major semi- 
conductor merchants, notably Intel. 

Managers at Intel won’t say much 
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Intel stacks gates (a). Seeq extends a gate over the 
channel (b). Toshiba uses a three-level layout (c). 


about the process fiddling they’ve done, 
except that it makes it possible to use 
an EPROM structure in flash memories. 
More than 100,000 256-Kbit chips have 
been produced at Intel's newly renamed 
Flash Memory Operation in Folsom, 
Calif., say managers there, and the new 
technique has helped Intel reach tight 
voltage-threshold margins in arrays. 
Control over the margins means Intel 
can make flash memories with cells that 
are very similar to those used in its 
high-density UV-EPROMs. The principal 
difference between Intel’s flash EE- 
PROM and its EPROM is that the gate 
oxide is thinner — 100 A instead of 350 A. 

At the 256-Kbit level, the cell size of 
Intel’s flash is exactly the same as its 
EPROM, says Richard Pashley, general 
manager of Intel’s Flash Memory Opera- 
tion. Many competitors’ cells are larger — 
they have had to modify stacked-gate cir- 
cuit layouts to emulate the effects of 
phantom select devices. The devices pre- 
vent error-generating current leakage and 
maintain voltage thresholds. 

Intel executives will not talk about 
timetables for specific product introduc- 
tions, but they’re promising big things 
ahead. “We are confident that our tech- 
nology is scalable, and it will catch up 
with the density levels of DRAMs and 
UV-EPROMs. We see 20 years of scalabi- 
lity in this technology,” says McCormick. 
The company plans to apply the flash pro- 
cess quickly to each new EPROM genera- 


tion. “When yob get out into fu- 
ture generations, there might be 
a slight size penalty, but today it 
is zero. We think we see ways of 
holding the size difference be- 
tween future EPROM cells and 1 
flash memories to about 2%,” 
says Pashley. 

Also moving in is Toshiba 
Corp. The Kawasaki, Japan, 
company says it has begun se- 
lectively providing samples of 
256-Kbit nMOS flash parts, 
which are based on a complex 
triple-level polysilicon structure 
using a relatively thick gate ox- 
ide region (500 A). Toshiba offi- 
cials decline to say when parts 
will become widely available, 
but observers believe the firm is 
working on a new CMOS design 
based on a recently disclosed 
NAND structure that shrinks 
cell size by some 30%. 

And Hitachi Ltd. of Tokyo is 
also pursuing flash memory, spe- 
cifically a 1-Mbit chip. Like Intel, 
Hitachi eliminates the select tran- 
sistor to build a small cell, but its 
approach is different, using a 
double-diffused profile in the 
source and drain regions of the 
channel to prevent leakage. 
Despite all the activity in 
flash EEPROMs, and the evident inter- 
est of major semiconductor companies, 
not everyone thinks they’re the wave of 
the future. At Xicor Inc., for example, 
executives continue to believe that full- 
featured EEPROMs will be the EE- 
PROMs of choice. “There are limits on 
write-erase cycles, and standards are 
not well defined when it comes to pro- 
gramming voltages,” points out Krish 
Panu, Xicor marketing manager. “Some 
people are talking 21 V; others 12 V. 
But how long will it be before they have 
5-V-only flash parts?” he asks. Xicor 
will use its thick-oxide technology to in- 
troduce a 1-Mbit full-featured 5-V EE- 
PROM by the year end. 

Although most flash proponents agree 
that 5-V programming would be an at- 
tractive feature, many believe it is not 
worth the price of adding charge-pumping 
circuitry to each chip. Still, several firms 
are reportedly exploring 5-V flash parts. 
Topping the list of those rumored to be 
doing so is TI, which will only confirm 
that it is working on products based on 
its its Array Contactless EPROM technol- 
ogy [Electronics, Nov. 27, 1986, p. 70]. 
Managers at its nonvolatile memory oper- 
ations in Houston believe Texas Instru- 
ment’s technology makes a good starting 
point for small flash cells, since 1.5-p.m 
feature sizes are currently producing 
EPROM cells measuring 13.5 jam 2 . Some 
of today’s smallest flash memory cells are 
just over 20 jam 2 . □ 


Electronics /March 3, 1988 


6-392 



ARTICLE 

REPRINT 





f ii i -rvyv/ 


Nonvolatilitys Semiconductor 
vs, Magnetic 


Nonvolatility: Semiconductor vs. Magnetic 

Organizer/Moderator: Richard Pashley, Intel Corp. ( Folsom, CA 

Semiconductor nonvolatile memory is on the verge of challenging magnetic media for future computer sto- 
rage applications. With solid-state costs dropping faster than rotating magnetic media costs, the cost of semi- 
conductor nonvolatile memory should reach parity with magnetic disks before the end of the century. The 
advent of CPU miniaturization and personal computing may accelerate the conversion to solid-state by 
changing the traditional main-store user requirements. With distributed, processing, user memory require- 
ments will shift to lower power, no wait state-access times, and a small light-weight for factor. How each 
technology will meet this challenge in the year 2000, will be reviewed. 

Since their invention, rotating magnetic memories have dominated the computer main-store market. Their 
low cost and high density combined with their high endurance have been unsurpassed. The magnetic disk 
market has grown to a $2QB annual sales level. The average hard disk cost is between $10 and $20 per Mega- 
byte with densities of over a Gigabyte. Historically, magnetic disk costs have reduced 20% per year, which by 
the year 2000 should allow magnetic disks to break the $1 per Megabyte barrier. 

The semiconductor nonvolatile memory revolution started with the disclosure of a 2Kb EPROM at ISSCC in 
1971. EPROM nonvolatility was achieved by storing electrons on a floating gate. Unfortunately, EPROM 
erasure required a 1 5-minute ultraviolet light exposure to neutralize the electrons stored on the floating gate. 
Because of the relative difficulty of erasing an EPROM once it was in a system, the search began for an elec- 
trically-erasable memory. The solution was found with the announcement of a byte-erasable 16Kb E2pROM 
in 1980. Still utilizing the floating gate for the storage element, the E2pR0M introduced electron tunneling 
for programming and erasing. Typically, writing was limited to the 10^-10^ cycles. But this was still not the 
cost-effective solution users wanted, as E2PROM memory was 6-10 times more expensive than EPROM and 
trailed EPROM by 4x in density. Enter the flash memory. In 1985, a single transistor electrically-erasable 
flash memory cell, that writes like an EPROM and erases like an E2PR0M, was invented. Long term, flash 
memory density and cost could approach EPROM values. However, flash is a block erase memory with 
write endurance limited to 100 cycles today. Is flash the ultimate nonvolatile memory? Can flash endurance 
be extended to the 10^-1 0& cycle range? Will there be an E2PROM breakthrough that brings byte alterable 
memory costs closer to EPROM? Today, the combined nonvolatile semiconductor annual market size is 
under $1. 5-billion with EPROM cost per Megabyte in the $100 range. Assuming the proven 70% silicon cost 
learning curve, flash memory will cost under a $1 per Megabyte and reach the 1Gb per chip density by the 
turn of the century. 

Comparing today's cost of rotating memory to semiconductor nonvolatile memory, disks enjoy a lOOx cost 
advantage over E2pROMs. However, by the turn of the century, flash memory will achieve cost parity with 
disks. For low-density memory systems, cost parity may be reached much sooner. Magnetic media has a floor 
price that is limited by the cost of the disk drive itself, while semiconductor memory system cost is fairly 
linear with memory size. Clearly, magnetic disks will maintain their endurance advantage, but solid-state 
memory will offer substantially improved reliability without disk drive crashes, eliminating the need for tape 
drive backup. Furthermore, users can execute directly from semiconductor memory, whereas disk drive 
latency requires downloading into D RAM. This could be a 1 0x performance advantage for disk bound multi- 
tasking, multi-user systems. For portable systems, credit card format solid-state memory will offer a signi- 
ficant reduction in system weight, power, and space. 

Will we see a major nonvolatile memory system architecture departure from disk to semiconductors? Can 
solid-state memory maintain its accelerated density/cost treadmill to catch disks? Is solid-state endurance of 
10^ write-erase cycles adequate? The panel will explore these issues and discuss the system interaction with 
evolving memory technologies. 


1988, IEEE. Reprinted, with permission, International Solid-State Circuits Conference, San Francisco, CA, February 17-19, 1988. 
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The nonvolatile data storage requirements for information processing and display applications increase as subsystems be- 
come more complex. During the past twenty years, developers of memory technologies have made enormous advances in 
improving memory device densities, speed and reliability. Nonvolatile memory systems are required in applications where it 
is vital that stored information not be lost in case of power failure. It is impractical, and in some cases impossible, to reload 
the memory under realistic operational conditions. The advent of nonvolatile and NDRO (Non-Destructive Read Out) 
memory technologies was a major milestone for the information processing system designer; as a result of this, significant 
commercial, aerospace, and military applications are currently emerging, utilizing these attributes. — R. Fedorak 


In large nonvolatile memory systems, magnetic memories such as floppy disks and magnetic tapes have dominated the 
market. The cost of magnetic memories is very inexpensive. Magnetic memories, however, require mechanical mechanisms 
to operate the memory. The mechanical portion of the disk limits the reliability and the access speed of magnetic memory 
systems. EEPROMs offer the nonvolatility, but do not have' high density or low cost to replace magnetic memories. To 
realize a high-density electrically-erasable memory; the flash E^PROM was introduced in 1984. In the near future, these 
flash high-density EEPROMs will be expected to replace the magnetic memory. — F. Masuoka 


Semiconductors are gaining exponentially on magnetic storage in density/component and cost at a particular density. A 
single transistor nonvolatile R/W technology will become the clear winner for converting this market. Recent advancements 
in microprocessor memory management facilities marry well with newly-developed flash technology to produce solid-state 
diskless computer-systems. Combined with anticipated R/W optical technologies, high-end systems are also envisioned. 

B. McCormick 


The current trend towards larger, more powerful, and more distributed 'personal' computers is also a trend towards 
mafchine-oriented, impersonal use. One way for the next breakthrough in personal computing to occur is to allow the 
customer to feel more powerful . . . more enabled through the use of a tool that is truly a personal aid, or agent. Solid-state 
memory components will play an important role in the coming generation of such tools. — R. Mohme 


Todays high-density EEPROM is really a complete, random-access nonvolatile semiconductor memory system on a chip. 
EEPROMs are currently used in systems up to 4Mb to provide enhanced speed, reliability, power or temperature range 
operation. As 1Mb and 4Mb EEPROMs are developed, their cost per bit will continue to decrease and EEPROMs will 
become the best solution for larger nonvolatile memory systems in the future. — W. Owen 


The user cost of rotating memories is currently between $10 and $20 per Mb. Historical cost reduction of 20% a year 
for disks will bring the ultimate user costs down the $3 to $6 per Mb range in five years. Smaller form factor, mass-pro- 
duced disk drives also address the space, power and portability issues. All of this leads to the conclusion that both magnetic 
and semiconductor technologies will coexist for the foreseeable future. — G.M. Sca/ise 


Organizer/Moderator/Panel Members 

Fedorak, R., Project Engineer/Memory Technology-Information Processing, Naval Air Dev. Ctr., Warminster, PA 

Masuoka, F., Engineering Manager/Toshiba VLSI Research Center, Kawasaki, Japan 

McCormick, B., Marketing Manager/EEPROM, Intel Corp., Folsom, CA 

Mohme, R., Project Manager/CPU Engineering, Apple Corp., Cupertino, CA 

Owen, W., Vice President/Product Planning, Xicor Corp., Milpitas, CA 

Pashley, R., General Manager/EEPROM Business, Intel Corp., Folsom, CA 

Scalise, G.M., President, Maxtor Corp., San Jose, CA 
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A 90ns 100K Erase/ 

Program Cycle Megabit 
Flash Memory 

by Virgil Niles Kynett, Jim Anderson, Greg Atwood, Pat Dix, Mick Fandrich, Owen Jungroth, Susan Kao, Jerry A. Kreifels, Stefan Lai, 
Ho-Chun Liou, Benedict Liu, Richard Lodenquai, Weh-Juei Lu, Roy Pavloff, Daniel Tang, J.C. Tzeng, George Tsau, Bronislav Vajdic, 
Gautam Verma, Simon Wang, Steven Wells, Mark Winston, and Lisa Yang 


ABSTRACT 

Using advanced l.Ojum CMOS technology, a 245 mil square 
131072 X 8 device has been fabricated with a 3.8Mm X 4.0/im 
cell. The memory exhibits a 90ns read access time with a 900ms 
electrical array erase and 10/is/byte program time. The device 
has been optimized for in-system microprocessor-controlled repro- 
gramming with endurance performance greater than 100,000 erase/ 
program cycles. Column redundancy is implemented with the utili- 
zation of flash memory cells to store repaired addresses . 

ADVANCES in photolithography have made it possible to develop 
an electrically erasable reprogrammable 90ns 1 Mb flash memory 
which is capable of greater than 100,000 erase/program cycles. 
This 1 Mb memory implements a command port and an internal 
reference voltage generator, allowing microprocessor-controlled 
reprogramming [1]. 

The 90ns access time results from a high memory cell current 
(95 jiA), low resistance poly-silicide wordlines, advanced scaled 


© 1989 IEEE. Reprinted, with permission, from 

1989 IEEE International Solid-State Circuits Conference Digest of Technical Papers, 
New York, NY, February 15-17, 1989. 


periphery transistors, and a di/dt optimized data-out buffer. Using 
CMOS inputs, power dissipation is 40mW in the active state and 
20 /liW in the standby mode. The memory electrically erases in 
900ms and programs at the rate of 1 0/zs / byte. The device contains 
thirty-two columns of redundant elements and utilizes flash memory 
cells to store the address of repaired columns. The use of the flash 
memory cell reduces the required silicon area significantly over 
the commonly found large metal-shielded EPROM cells [2]. 

The 1Mb flash memory was fabricated on a l.OMm double poly 
n-well CMOS process. Silicide was utilized on the wordlines to 
help achieve the 90ns access time performance. The CMOS 
periphery circuits were constructed with 0.9^m L cff , 250 A gate 
oxide LDD transistors. The density of this l^m flash technology is 
demonstrated on the l.O^m and 1.5Aim memory cell comparison 
shown in Figure 1. The 1.0/xm memory cell has a 1 5.2/um 2 area, 
which is over twice as small as the 1.5/tim memory cell. A micro- 
photograph of the 245 mil 2 , 128K X 8 flash memory is shown in 
Figure 2. The process/device characteristics are summarized in 
Table 1 . 
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a) 1 .5jx Lithography b) 1 .0*1 Lithography 

(5,000 x magnification) (5,000 x magnification) 


Figure 1. Array SEM microphotograph: (a) 1.5jitm memory ceil (6m X 6m) (b) l-O^m memory cell (3.8m X 4m) 


One of the most significant aspects of this device is its 100,000- at 250°C for 168 hours indicate that after 10,000 cycles the 

cycle capability. A typical cell erase/program Vt margin is shown memory will exhibit only 0.7V program Vt shift. Program and erase 

as a function of reprogramming cycles in Figure 3. After 100,000 time degrade slightly due to normal charge trap-up in the tunnel 

cycles there still exists a 2.5V program read margin to insure relia- oxide (Figure 4). In addition, endurance reliability has been excel- 

ble data retention. Accelerated retention bake experiments done lent with no tunnel oxide breakdown. 


Table 1. Device Parameters 
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Figure 2. 1Mb die photograph 


However, to build a manufacturable 1Mb flash memory, it is 
essential to be able to control the memory array erase Vt. The key 
is the proper selection of the erase Vt maximum and maintenance 
of a tight Vt distribution. The maximum erased Vt is set to 3.2V 
via the erase algorithm and the internal erase verify circuits [3]. 
Good oxide quality gives an erased Vt distribution width that does 
not change appreciably with cycling (Figure 5). The tight erase Vt 
distribution gives an order of magnitude of erase time margin to 
the fastest erasing cell (Figure 6). 
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Figure 3. Array Vt vs. cyles 
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Figure 4. Erase/program time vs. cycling 
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Figure 5. Erase Vt distribution vs. cycling 
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Figure 6. Array erase Vt profile vs. erase time 




Array erase is executed by switching high voltage onto the source 
junction of all cells and grounding all select lines. The array source 
switch, shown in Figure 7, switches high voltage onto the source 
junctions. Transistor Ml 6 is a very large device which pulls the 
source to ground during read and program modes. During erase 
mode, the high voltage latch formed by M5-M8 enables transistor 
Ml 5, which then pulls the array source up to 12V. To obtain fast 
array erase times, this device must be made large enough to supply 
the grounded gate breakdown current which occurs on the sources 
of the memory array. The upper boundary on Ml 5 current sourc- 
ing capability is set by the maximum allowable substrate current. 
If VPP is raised to 12V before VCC is above approximately 1.8V, 
the low VCC detect circuit formed by M1-M4 drives the node 
LOWVCC to 9V. Transistors M9-M1 1 then force the erase circuit 
into a non-erase state with Ml 5 off and M16 on. When VCC rises 
above 1.8V, the chip will be reset into a read state. 

Redundancy circuits consist of two flash memory cells combined 
with a cross-coupled bias and sense circuit ensuring low power 
consumption (Figure 8). When either M7 or M8 is programmed, 
the latch no longer draws power. By setting the levels of CLAMP 
and BIAS to Vt and 2Vt respectively, the B and BB levels are held 
to approximately one Vt. The signals F and FB along with the 
address signal drive the inputs to the XNOR circuits. The MATCH 
signals for all column addresses are combined to create the full 
match signal which enables a redundant column. 

In summary, a 90ns 1Mb flash memory has been developed 
through the ability to scale the flash memory cell onto a standard 
CMOS l.Ojim technology. This memory has been optimized for 
in-system microprocessor-controlled reprogramming for more than 
100,000 erase/program cycles. 
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Figure 7. Array source switch 



Figure 8. Redundancy circuits 
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The Memory Driver 


The primary driving force behind the personal 
computer revolution has been memory, not 
microprocessors. While one cannot give all 
the credit in one place, and microprocessors 
and software have their essential roles, the 
architectures and viability of these small com- 
puters has been due mostly to memory tech- 
nologies — both semiconductor and magnetic. 

That situation continues and more memory trends are afoot that 
will force computer systems in new directions in the near future. 
DRAMs are running out of the economic gas that has propelled the 
memory costs downward, not only leaving the door open for other 
memory technologies but demanding they enter. 

Today’s memory technologies are bubbling with new possi- 
bilities that will further revolutionize systems. At the heart of 
the changes will be nonvolatile devices. And the major player 
there will be flash technology. 

The initial personal computers could have been made with CPUs 
that were not fully integrated, using gate arrays, LSI discrete logic 
or 2901 bit-slice architectures. But they could not have been made 
without low-cost, dense DRAM chips and low-cost floppy disk 
drives. The success of PCs then gave the economic stimulus to 
miniaturize hard disks which stimulated the PC business further. 

The center of the computing universe is the data, not the 
processing engine. And the data is in the memory. And the 
ideal memory is nonvolatile. 

Besides changing systems, the nonvolatile technologies will 
also alter the architecture of the semiconductor business inter- 
nationally, with large scale impact on trade, political, and ma- 
cro-economic issues. The leaders in the nonvolatile technol- 
ogies are American companies. And they will not license their 
technology so readily as in the past. 

There is a host of possibilities from flash, EPROM, EE- 
PROM, battery backing, magnetic, optical, and the more re- 
mote ferroelectric technologies. Ferroelectric comes the clos- 
est to being the ideal nonvolatile RAM, but it is the furthest 
from reality. However, flash is here and, for the first time, 
promises to bring nonvolatile devices into the processing heart 
of computing systems in a big way. 

Flash memories can have smaller cells than DRAMS and 
will be able to get more benefit from the latest lithographic 
and other processing equipment than DRAMs will. With only a 
year on the market the bit-count of flash devices has caught 
up with EPROMs and DRAMs, all now at 1 megabit per chip. 

The 1-Mbit flash device just introduced by Intel has a die of 

60.000 square mils. Current 1-Mbit DRAMs are larger, at 
about 70,000 square mils, and 256 kilobit SRAMs use about 

75.000 square mils. 1-Mbit EEPROMs are about double, on 
the order of 130,000 square mils. 

Flash will continue to track EPROM densities and soon out- 
strip even DRAMs, according to Richard Pashley, general 
manager of Intel’s nonvolatile memory business. The only 
memory technologies that continue to track lithography in 
their cell size are EPROMs and flash devices. 



Flash devices can be read as rapidly as EPROMs or DRAMs. 
But writing into them takes tens of microseconds per byte. And 
they are bulk erased in tens to hundreds of milliseconds. 

Such long erase and write times may seem extremely limiting 
at first thought. But actually, the bulk of program and data stor- 
age does not need fast erase/write. That is why magnetic stor- 
age is so important. And that is what has some flash memory 
marketeers so excited — especially at Intel, which is nowhere in 
the DRAM and SRAM businesses, but the world leader in 
EPROMs. For flash devices are very similar to EPROMs. 


Consider this example. If a computer were constructed with 
megabytes of fast volatile RAM directly serving the CPU, that 
can be erased and rewritten rapidly, massive blocks of nonvo- 
latile flash RAM can take the place of magnetic storage back- 
ing that volatile memory. A few 4-Mbit flash chips will carry 
more data than most floppy disks. 

That backup storage will significantly speed-up system per- 
formance and eliminate electro-mechanical reliability problems, 


as well as lots of weight and 
power drain. The flash devices 
can also be used to reduce the 
amount of volatile RAM, be- 
cause some is used to store pro- 
grams and data that seldom 
needs to be erased and changed. 
Such write-seldom sections of 
memory can be updated in a sec- 
ond or so, which is less than 
would irritate a human operator. 

Fitting in this scenario, future 
microprocessors will have more 
and more memory on their die. 
That will be a good place for the 
fast RAM, made even faster by 
eliminating the inter-package wir- 
ing. And these internal RAMs will 
be organized to match the pro- 
cessing characteristics of the 
CPU which is not the case now 
with discrete RAMs. The flash 
and EPROM devices can then 
connect directly to the micropro- 
cessor package, eliminating dis- 
crete DRAMs and SRAMs. 

Memory companies everywhere 
are working on flash devices. But 
Seeq Technology and Intel were 
the first to market. Since then, 
Texas Instruments and Toshiba 
have introduced versions. But Intel 
seems to be the only one supplying 
in significant volume, and it’s Intel 


that has put the most corporate 
commitment — money and talent — 
behind flash. At Intel, flash technol- 
ogy plays directly off its EPROM 
technology in which Intel is still the 
world leader. 

A passion for flash 

According to Pashley, “flash is 
the way Intel will get back in the 
read-write memory business.” In 
Pashley, Intel and perhaps the in- 
dustry has its flash champion, and 
the success of any new technol- 
ogy depends on having the capa- 
ble individuals that have the faith 
and lead the charge. 

Pashley was the pioneer of 
scaling, the technique of shrinking 
MOS devices that is fundamental 
to the evolution of more and more 
dense MOS ICs. His process at 
Intel was termed "HMOS.” 

At the recent ISSCC in New 
York Intel described its 1-Mbit 
flash memory chip. Seeq Tech- 
nology and National Semicon- 
ductor, who are jointly working 
on flash devices, described a 1- 
Mbit as well. And Texas Instru- 
ments described its latest 
flash, a 256k device that uses 
only a single 5-V supply. 
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T oday’s memory market is in- 
undated with competing al- 
ternatives. 

Given so many choices, 
designers will tend to speci- 
fy a part based on its density, read/ 
write speeds, flexibility, reliability and 
space and power requirements. Pur- 
chasers, however, are more sensitive to 
a given memory’s price (cost per bit) 
and availability. 

Without question, these are the prop- 
er criteria on which to judge a mem- 
ory’s merits and identify the right mix 
for specific application needs. But there 
should be one more: life-cycle cost. 
Those who specify memories must con- 
sider how much a technology is costing 
them over the lifetime of the system 
because of its inherent performance 
and/or reliability limitations. Such 
costs are incurred in several ways: 

• Manufacturing/Assembly. Sys- 
tems manufacturers who use ROMs to 
store code know they have little flexi- 
bility if that code ever needs to be 
changed. New masks must be made, old 
inventory scrapped, nonrecurring engi- 
neering (NRE) charges paid and weeks 
of potential production wasted. 

EPROMs remedy these problems to 
a certain degree. However, if the 
EPROM has already been programmed 
and code changes are required, then the 
manufacturer is faced with the un- 
desirable task of disassembling the sys- 
tem, pulling out the EPROM (and run- 
ning the risk of damaging it), erasing 
and reprogramming the device and 
reassembling the system. 

If, instead, a manufacturer decides to 
pay a high unit cost up front to obtain 
the in-system electrical erasure of 
EEPROMs, it is likely to mount them in 
sockets because of relatively high failure 
rates, thereby incurring even more costs 
from the socket, the added space and 
failed products. In-system electrical era- 
sure eliminates the inventoiy problems 
of ROMs aiid the update limitations of 
EPROMs, yet EEPROMs frequently 
lack the required density and ongoing 
reliability needed by many systems. 

On the other hand, Flash memory 
offers a mix of performance character- 
istics to provide the optimum cost effi- 
ciency: in-system electrical read/write 
capability and proven reliability. 

• Customer Service. If your com- 



The most- 
effective 
memory 
purchase 
decision is not 
limited to short- 
term price and 
availability 
issues. 


pany has a service organization char- 
tered to maintain systems once they’re 
sold, then chances are your service 
technicians travel to customer sites, 
pull apart systems, diagnose problems 
and perhaps end up reprogramming 
the EPROMs or replacing dead batter- 
ies. Because of the handling required 
for reprogramming and the likelihood 
of damage, they may even be replacing 
the old memories with entirely new 
ones because each unit is so “inexpen- 
sive.” But how much does this proce- 
dure cost — in time, labor, parts ... and 
in customer inconvenience? 

With Flash memory, a technician 
can read the memory remotely over a 


phone line, diagnose the problem and 
perhaps correct it through an immedi- 
ate rewrite of the memory — or at least 
identify the exact problem and take the 
correct replacement parts with him on 
the initial service call. This reduces the 
number of service calls as well as the 
duration of those calls still required. 

This level of service could save a sys- 
tems supplier with a large installed 
base a tremendous amount of service 
labor and time, as well as improve its 
customer relationships through im- 
proved product reliability. 

• Response to Market Needs. 
Most systems have their own carefully 
formulated cost-effectiveness lifetime, 
after which their features may become 
obsolete because of continually emerging 
state-of-the-art alternatives. Premature 
obsolescence makes for a costly system. 

Consider the possibilities instead if 
your embedded system could be updat- 
ed in the field. For example, a printer 
or copy machine or modem could be 
feature customized using an in-system 
read/write nonvolatile memory. The 
system could be updated not only at the 
very end of your manufacturing line, 
but potentially also by your reseller to 
meet a customer’s immediate require- 
ments — or, at some point in the future, 
at the customer’s site over a phone line 
to provide added or enhanced features 
as they become available or desired. 

The memories available previously, 
such as static RAMs and EEPROMs, 
that cbuld achieve this level of func- 
tionality, come up short on some of the 
other key criteria used by the deisign/ 
purchasing team, such as density, cost 
per bit and reliability. 

In contrast, Flash memory combines 
the key memory characteristics (fast 
read/write capability, inherent non- 
volatility, low cost per bit, reliability and 
density) to provide a balanced solution. 

The most-effective memory purchase 
decision, therefore, is not limited to 
short-term price and availability is- 
sues. Rather, an analysis of how a par- 
ticular technology might impact differ- 
ent organizational bottom lines can 
yield much more significant, long-term 
cost savings for your company. 

Laurence R. Hootnick is senior VP and 
general manager of the Embedded Con- 
troller and Memory Group at Intel Corp. 
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Flash memories: 
the best of two worlds 

Filling a niche between conventional EPROMs and EEPROMs, these dense memories 
offer the latter's reprogramming convenience at relative cost advantages 


In evolving from a concept paper in 1984 to megabit 
devices only five years later, flash memories have 
moved up the transistor-density curve faster than any 
previous semiconductor memory IC. They are based 
on the technology of either erasable programmable 
ROMs (EPROMs) or electrically erasable program- 
mable ROMs (EEPROMs), and in price and func- 
tionality fall somewhere between the two, suiting any 
applications that require the former’s denser stor- 
age plus the latter’s ability to be reprogrammed with- 
out removal from a system. They also share these memories’ non- 
volatility and fast read access. 

Those flash devices more akin to EPROMs cost less and prom- 
ise rapid device and price scaling; their suppliers include Intel 
Corp., Santa Clara, Calif.; Seeq Technology Inc., San Jose, Calif.; 
and Tokyo’s Toshiba Corp. The others, which utilize the more 
complex EEPROM technology, are slightly more expensive but 
provide more flexible reprogramming. They are made by Texas 
Instruments Inc., Houston, Texas, and sampled by Atmel Corp., 
San Jose, Calif., among others. 

Of these three types of reprogrammable memory, EPROMs 
remain the best choice for applications where data almost never 
needs changing. Otherwise, flash memory devices should be con- 
sidered. Although the average EPROM may sell for about $7, 
and a flash memory for about $25, the differential is wiped out 
by the expense of a single reprogramming. The in-system 
reprogramming of a flash device may cost as little as $1, where- 
as pulling an EPROM out of a system to erase it by exposure to 
20 minutes of ultraviolet (UV) light may cost over $80 when equip- 
ment, downtime, and labor are factored in. 

Meanwhile, EEPROMs should remain popular wherever it is 
necessary to erase bytes selectively. But flash products, which are 
erased in their entirety or section by large section, might do bet- 
ter for updating stored logic, when this must be done more than 
once but less often than in main memory, cache memory, or 
registers. Reprogramming costs are similar, but flash memories 
are less than half the price of EEPROMs. 

Flash memories may even oust some battery-backed static 
RAMs (SRAMs), a bulky combination. In laptop computers, the 
flash device would occupy less space, at a lower cost per bit, and 
eliminate the dependency of memory on battery power. 

Most flash memories have the same pinout as EPROMs, so 
that substituting them in a system requires primarily software al- 
terations. (The densest flash ICs may have a few extra pins, how- 
ever.) Furthermore, whereas a flash memory will nearly always 
be surface-mountable, that is not the case for some applications 
of EPROMs, whose packages include a window that must be ac- 
cessible to UV reprogramming equipment. A flash-for-EEPROM 
swap, though, will almost certainly require rerouting the print- 
ed circuit, because flash memories may be up to four times denser. 

Also, flash ICs closer to EEPROM technology need only a 5- 
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volt supply, whereas those closer to EPROMs require 
a 12-V one as well, to drive the high-energy electrons 
that write data into them. This kind also requires 
a multistep algorithm that verifies erasure. Its makers 
say that the 12-V supply helps protect the IC against 
accidental erasure; those that supply 5-V-only ver- 
sions counter that there are software techniques that 
may be employed to render such an accident too rare 
to be worth consideration. 

The choice between the two flash memory types 
is sometimes determined by the application. In small embedded 
controller systems, missiles, or remote battery-powered systems, 
a 5-V-only flash memory is preferable. On the other hand, a 12- 
V supply is already available in some systems, such as desktop 
personal computers and laser printers. 

With software of all kinds becoming more complex, the likeli- 
hood of changes to it, to update it or eliminate bugs, increases 
proportionately. That, in turn, argues for efficiently reprogram- 
mable nonvolatile memories, and bodes well for the popularity 
of flash memory. 

Consider the basic I/O system of a PC. It is typically stored 
in ROMs or PROM. Flash memory would allow the changing 
of I/O system code over a network or modem within minutes. 

Also, portable computer systems’ hard-disk drives may be 
replaced by flash memory modules offering lower cost, size, and 
weight, plus the greater reliability of solid state. 

The operating system for an IBM PC AT or an Apple Macin- 
tosh is big enough as a rule to need storing on magnetic hard disk. 
With each year, however, flash ICs become more economical for 
greater amounts of storage; up to 2M bytes of flash memory are 
available with a new laptop from Psion Inc., Watertown, Conn., 
for example [see photo]. As this trend continues, flash ICs may 
supplant hard-disk drives of small capacity (up to 10 megabytes) 
in systems that could use a small, reliable memory with low power 


Defining terms 

Electron trapping: the accumulation of electrons in imperfec- 
tions in silicon dioxide, so that negative charge builds up and 
delays erasure of programmable memory devices. 
Fowler-Nordheim tunneling: a quantum mechanical process 
in which electrons tunnel through a thin dielectric from (or 
to) a floating gate to (or from) a conducting channel— the 
erase mechanism in flash memories and the program and 
erase mechanism in electrically erasable programmable' 
ROMs (EEPROMs). 

Hot-electron injection: in this context, the injection into the 
memory cell’s floating gate by a vertical electric field of elec- 
trons with excess energy acquired from a high source-to-drain 
channel electric field. 

Nonvolatile memory: memory that does not lose stored bits 
after power is switched off (includes ROMs, PROMs, EPROMs, 
EEPROMs, and flash memories). 
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consumption. In such cases, though, another software modifi- 
cation becomes necessary. Data is stored in serial form on hard 
disk, and must be reformatted into bytes before it can be sent 
to RAM. Data stored on flash ICs is already in byte format, and 
operating systems are being rewritten to accommodate this. 

At present, the programs for embedded controllers, such as 
those that operate automobiles and production machinery, are 
kept in other forms of nonvolatile memory. But flash ICs could 
serve here, too. And they could also speed up laser printers. Much 
of the formatting font and size information, along with the data 
to be printed, must now be loaded for each page from the cen- 
tral processing unit to the laser printer. Flash memory in a laser 
printer could store the font information for an entire print ses- 
sion just the once, so that pages would print out one after the 
other with less delay. A change in print session parameters would 
simply invoke an erase/reprogram cycle. 

Flash memories are also candidates for use in flight data record- 
ers and in communication equipment where parameters change 
often to accommodate different data communication formats. 

Flash technology 

Even as semiconductor memory began displacing magnetic 
core memory in the early 1970s, the inability of RAMs to retain 
data after power was turned off remained a problem. The inven- 
tion of the nonvolatile EPROM deserved to be successful, de- 
spite the clumsiness and low repeatability of UV erasure. 
EEPROMs subsequently offered speedy in-system erasure with 
a strong electric field, which, however, at 12 megavolts per centi- 
meter, so stressed the device’s tunnel oxide as to limit the num- 
ber of erase and write cycles possible. Also, the EEPROM mem- 
ory cell, larger than the EPROM’s, meant less favorable 
economics. 

Accordingly, the challenge for semiconductor engineers was 
to fabricate a memory with the EEPROM’s electric erasability 
but priced more like an EPROM, of comparable memory reten- 
tion and cell size, and higher read/write cycling capability. Like 
both devices, the new one was to have high-speed read access. 
The flash memory is the response to this challenge. 


The MC400 laptop computer from Psion Inc., Water- 
town, Conn., uses flash memory modules to replace 
disk drives. The computer has four module slots, and 
each module contains four Intel 128K-bit flash ICs 
in plastic leaded chip-carriers for a total of 2M bits 
of memory. The primary requirement for switching 
from disk to solid-state memory is rewriting the oper- 
ating system’s memory management code. Psion also 
makes an accessory that lets the user plug the MC400’s 
modules into any IBM Corp. or compatible personal 
computer. 

Most flash memories are programmed with the 
EPROM’s hot-electron injection technique. Each 
memory cell’s field effect transistor 'FET' is turned 
on or off by the absence or presence of charge on a 
floating gate sitting above the conducting channel. 
Electrons accumulate on the floating gate because of 
the field produced by a large positive voltage on the 
select gate above the floating gate, and a similar volt- 
age on the drain while the source is grounded. Once 
on the floating gate, the electrons are trapped there 
by the surrounding nonconducting oxide. The elec- 
tric field they produce will then turn off the FET, stor- 
ing a logic 0 in that bit location. Where no excess elec- 
trons are trapped on the floating gate, the FET’s 
channel can conduct current and the cell has a logic 
value of 1. Thus, both in cell structure and in program- 
ming technique, the flash memory is very similar to 
the EPROM. 

All flash memories are erased electrically in the sys- 
tem and in 1 or 2 seconds, like EEPROMs, but in bulk, 
like EPROMs. Electrons tunnel back into the source region in 
response to an electric field between gate and source. Some devices 
have been designed to make programming and erasing consis- 
tent with microprocessor control. The EEPROM’s individual byte 
erasure is made possible by equipping each memory cell with a 
second, select transistor, and by forgoing the select transistor to 
obtain bulk erasure, flash memories can be built with much higher 
densities than EEPROMs. 

Structurally, the flash memory cell is like the EPROM cell, 
being only slightly larger and with a thinner gate-oxide layer, 
usually 10-20 nanometers deep. But each supplier of flash mem- 
ories has taken a slightly different approach to the device. Intel 
uses its ETOX (EPROM tunnel oxide) technology. Seeq employs 
a “phantom transistor” approach, which has a stepped-gate struc- 
ture. Toshiba employs a triple-polysilicon, three-gate design. TI’s 
is also a stepped, two-gate structure, with a thin dielectric to ease 
electron tunneling to the floating gate. The first three designs are 
programmed by hot-electron injection and erased via Fowler- 
Nordheim tunneling. TI’s design depends on tunneling for both 
the write and erase mechanisms. 

The Seeq cell puts a second transistor in series with the first 
to control erasure and also enable the erasure of small subsec- 
tions. The approach in effect lengthens the channel, however, and 
limits programming performance. Programming and erasure 
occur through the same junction, stressing the gate oxide and 
guaranteeing fewer than 10 000 cycles, although up to 100 000 
is typical. 

Toshiba’s flash cell is the most complex and largest of these 
three. It has a phantom transistor like Seeq’s, also to control era- 
sure. It has another layer of polysilicon for erasure through a 
polysilicon-to-polysilicon oxide. The poly-to-poly-oxide erase 
path requires higher voltage than either the Intel or the Seeq flash 
cell. Tunneling through poly-to-poly oxide tends to trap more elec- 
trons, so that the cell threshold increases with cycling. As a con- 
sequence, Toshiba’s memory cells are specified for 100 cycles, and 
to 1000 cycles with special electrical screening tests. 

TI calls its flash memory a merged-transistor advanced con- 
tactless EEPROM. The cell transistor and pass transistor are 
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merged so that its flash memory cell is structurally similar to 
Seeq’s phantom cell, except that it has a thin (10-nanometer) oxide 
tunnel window for programming erasure. 

Intel’s cell is programmed through the drain, and erased 
through the source, which results in the reduction of stress on 
the gate oxide and a typical cycling capability in the 100 000 to 
1 million range. The cell is smaller than the other three, which 
means not just smaller chips and more of them per wafer but 
a faster-to-program device with a shorter channel length. 

The Intel cell uses a single FET with a floating gate for stor- 
age. To program a row of eight cells (a byte), the row decoder 
selects them and drives them to 12 V. The bits within the byte 
that are to be programmed as logic 0 are selected by the column 
decoders, which takes them to about 7 V. 

Typically, hot-electron programming takes less than 10 microse- 
conds per byte while tunneling takes between 5 and 20 millise- 
conds per page for programming, per chip for erasing. For bulk 
erasure, a second is more than adequate, and the reduced stress 
on the flash memory’s gate oxide (compared with the EEPROM’s) 
markedly ameliorates oxide-related problems that affect memo- 
ry retention, time to program; and time to erase. All involve 
mechanisms affecting device quality and reliability. 

Quality vs. reliability 

IC quality is not to be confused with IC reliability. Quality 
describes how closely a chip conforms to its specifications upon 
delivery and is a manufacturing concern, dependent on the 
thoroughness of testing processes. Reliability describes how close- 
ly an IC continues to conform to its specifications over years of 
use, measured by failure rates of components that have been quali- 
fied and installed in fielded systems. Reliability will bear on the 
overall cost of ownership of a system because repair in the field 
costs far more than repair during production. 

The failure mechanisms usually associated with program/erase 
cycling of electrically erasable memories (EEPROMs and flash 
memories) are charge loss due to latent oxide breakdown and elec- 
tron trapup. Both manifest themselves when a device cannot be 
reliably programmed or erased within the maximum time 
specified. 

To reduce oxide breakdown, a chip manufacturer can both im- 
prove oxide quality and attempt to reduce the stress on the tun- 
nel oxide during programming and erasing. With Intel’s flash IC, 
for example, the area of oxide involved (and the area that is 
stressed by the electric field) is confined to an overlapping area 
between source and gate. In addition, the reduction in electric 


field intensity across the tunnel oxide in flash memories to 10 
MV/cm from the 12 MV/cm typical for an EEPROM theoreti- 
cally should increase its reprogramming durability. In experiments 
where over 2000 Intel lM-bit flash memories were cycled more 
than 20 000 times, none of the devices failed because of oxide 
breakdown, and several devices survived 1 million program/erase 
cycles. 

The smaller the memory cell, the less capacitance it has, and 
the less charge need be added or removed for programming or 
erasing. Trapup is directly related to the amount of charge mov- 
ing through the oxide, so the smaller charge requirement will tend 
to postpone its occurrence, stretching it out over many more pro- 
gram/erase cycles than for larger cells, with higher capacitance. 
Thus, the larger the cell, the more susceptible it is to trapup, and 
the more programming or erase pulses it will take to push suffi- 
cient electrons onto or off the floating gate. 

Beyond the cell itself, peripheral chip functions and oxides are 
affected by repeated program/erase cycles. In general, the higher 
those voltages, the more vulnerable the peripheral circuitry is to 
functional failures. Intel’s flash memories need no more than 11.4 
V to meet their program/erase specifications. Other flash mem- 
ories that require the same nominal 12-V external supply have 
on-chip charge pumps and internal voltage levels of 20 V and 
higher. These voltages put more stress on peripheral circuit ox- 
ides, to the possible detriment of reliability. 

Looking down the road 

CMOS is today’s mainstream technology for both logic and 
memories. Within that technology, EPROMs and flash memo- 
ries should be more scalable than dynamic RAMs (DRAMs) or 
SRAMs and EEPROMs. At a first level, there are differences in 
memory cell complexity. SRAM cells have four or six transistors. 
Turning transistors on or off to store logic levels (writing) is faster 
than storing charge in a capacitive well (DRAMs) or on a float- 
ing gate (EPROMs, flash memories, and EEPROMs). Sensing 
logic levels (reading) on SRAMs is also faster than on the other 
devices. But the price of that speed is increased cell complexity. 
Absolute SRAM cell sizes are over 10 times larger than for single- 
transistor devices (EPROMs and some flash memories) and scal- 
ing is more complicated because all dimensions cannot be reduced 
proportionately without upsetting some minimum spacing rules 
between lines and active devices. For example, distances between 
devices may not be allowed to shrink proportionately with line 
widths. 

An EEPROM cell, employing both a bit-storage and a select 


A comparison of flash ICs, EPROMs, and EEPROMs 


Company, location 

Density 

Access time, 
nanoseconds 

Power consumption, 
milliamperes 

Erase/write 

cycles 

Minimum 
erase area 

Erase/write times 

Voltage 

requirements, 

volts 

Flash memories ] 

Intel Corp., 

Santa Clara, Calif. 

1M bit 

120 

30 

10* 

Bulk 

1 second/chip, 

10 jis/byte 

5/12 

Seeq Technology Inc., 

San Jose, Calif. 

1M bit 

200/250 

30 

10* 

Sector, bulk 

12 seconds/chip, 

525 /ts/byte 

5/12 

Texas Instruments Inc., 
Houston, Texas 

256K bits 

170 

15 

10 s 

Bulk 

15 ms/chip, 

15 ms/page 

5 

Toshiba America Elec- 
tronic Components Inc. , 
Irvine. Calif. 

256K bits 

170 

30 

10’ 

Bulk 

100 ms/chip, 

200 ^s/byte 

5/12.75 

Electrically erasable programmable ROMs (EEPROMs) | 

Simtek Corp., 

Colorado Springs, Colo. 

256K bits 

120 

80 

10 s 

Byte 

10 ms/chip, 

160 #ts/byte 

5 

Xicor Inc., 

Milpitas, Calif. 

1M bit 

200 

50 

10 s 

Byte 

5 ms/page 

5 

Erasable programmable ROMs (EPROMs) j 

Microchip Technology 
Inc., Chandler, Ariz. 

256K bits 

55 

65 

Up to 100 

Blanket, ultraviolet 

20 minutes max. 

5/12 

Texas Instruments Inc., 
Houston, Texas 

1M bit 

170 

50 

Up to 100 

Blanket, UV 

20 minutes max. 

5/12 
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Of the four approaches to flash memory technology, Intel Corp., Toshiba Corp., and Seeq Technol- 
ogy Inc. have chosen designs closer to EPROM technology, Texas Instruments Inc. one closer to 
EEPROM technology. Flash memory cells are similar to an EPROM cell, except they have shal- 
lower gate oxides, usually 10-20 nanometers deep, to allow Fowler-Nordheim electron tunneling. 
Intel’s cell employs a single field-effect transistor with a floating gate for storage, and is programmed 
and erased through different areas of its gate oxide. Seeq employs a stepped-gate, two-transistor 
structure; the second transistor helps control erasure and also enables the erasure of small subsec- 
tions. Toshiba’s cell has a triple-polysilicon, three-gate design; it also uses an additional transistor 
to control erasure. The source and drain of the Toshiba cell are perpendicular to the plane of the 
page. These three designs are programmed by hot-electron injection and erased by tunneling. TI’s 
cell is also a stepped-gate, two-transistor design, but its oxide layer is constructed to ease tunneling, 
upon which it depends for both its write and erase mechanisms. Though several of these designs 
have more than one transistor, only the memory cell is depicted. Intel and Seeq are currently the 
only two companies producing IM-bit flash memory products. 


transistor, is over 2.5 times the size of a flash cell. Here, too, the 
added complexity and high voltages required may make propor- 
tionate scaling (equal reduction of dimensions and spacings) 
somewhat elusive. Surprisingly, even the DRAM cell, composed 
of a select transistor and a storage capacitor, is over 1.5 times as 
large as the flash memory cell. But on today’s submicrometer 
scale, planar DRAM capacitors hold too little charge for relia- 
ble bit sensing, so that designers have gone to three-dimensional 
structures, such as stacked or trench capacitors. These construc- 
tions complicate manufacturing, reducing reliability and raising 
costs. 

Having an active memory-cell transistor sense current like an 
SRAM and lacking the soft-error sensitivity of DRAMs, flash 
and EPROM technology may well be the most scalable memory 
technologies by the year 2000. 

In geological terms, 10 years is insignificant, but in solid-state 
technology, 10 years is one-fourth the age of the transistor. How- 
ever, by the year 2000, a 256M-byte flash memory using 0.25- 
micrometer geometry on a die 0.7 inch on a side is projected to 
sell for $1 per megabyte. Alternatively, less flash memory could 
be combined on the same die with application interfaces, such 
as high-speed data transfer interfaces, similar to today’s burst 
mode, page mode, and “nibl” mode transfer schemes. 

Several 256M-bit flash devices, without today’s on-chip con- 
trol features, may form a multichip memory subsystem run by 
a single controller IC, akin to the DRAM and DRAM controller 
subsystems of today. In embedded control systems, the flash 
memory device may be combined with other application-oriented 
logic to simplify and shrink the design and lower its cost. Such 
chips will be similar to EPROM-resident microcontrollers (such 
as Intel’s 8748, 8749, and 8751) but have far more memory and 


can be much more functional 
than microcontroller pro- 
cessors. 

The tendency is to view non- 
volatile memories as vehicles 
for software modification; but 
in the future they may also be 
used to change the functions of 
hardware. Just as some of to- 
day’s programmable logic 
devices (PLDs) use SRAM to 
control logic programming, 
tomorrow’s PLDs may use 
flash memories for the same 
i uiuXhjh. uiic Oilier area in 
which flash memories promise 
to contribute is neural network 
systems, or processors that 
mimic the way the human 
brain works. It is likely that 
computers based upon neural 
networking concepts will use 
flash memories or EEPROM 
memories as key elements of 
their processing units. 

To probe further 

The first concept paper on 
flash memories was presented 
by Toshiba Corp., Tokyo, at the 
1984 International Electron 
Devices Meeting. The 1984 
IEDM Technical Digest can be 
ordered from the IEEE New 
Jersey Service Center, at 445 
Hoes Lane, Piscataway, N.J. 
08855; or call 201-562-5493. 

The nonvolatile memory 
section of the 1989 Interna- 
tional Solid- State Circuits Conference (ISSCC) Digest of Tech- 
nical Papers contains papers on flash technology from Intel 
Corp., Santa Clara, Calif.; Seeq Technology Inc., San Jose, Calif.; 
and Texas Instruments Inc., Houston, Texas. It is also available 
from the service center. 

The paper, “A 90ns One-Million Erase/Program Cycle Megabit 
Flash Memory,” from Intel Corp., was published in the October 
1989 Journal of Solid State Circuits special issue on logic and 
memory. 
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Agreement at hand for ic-based storage medium 

PC standard in the cards 


By David Lammeks 

Tokyo — Agreement could be im- 
minent on a Japan-U.S. standard 
for the “PC Card,” a 2 x 3-inch 
IC-based card to be used as a 
removable data-storage medium 
for portable computers. 

Expectations are high that this 
transpacific standard will do for no- 
tebook and laptop computers what 
MS-DOS, the floppy disk and the 
IBM PC did for desktop machines: 
allow software to be sold for, and 
data to be exchanged over, a medi- 
um compatible across a broad 
range of portables from a long list 
of manufacturers worldwide. 

With notebook and low-end lap- 
tops expected to constitute half of 
Japan’s PC market by 1994 — and 
perhaps a third of PC sales around 
the world by then — approval of 
the standard is especially impor- 
tant to U.S. computer and soft- 
ware companies. Proponents of 
the PC Card concept hope that, 
with the standard approved, soft- 
ware vendors will quickly begin 
porting applications to the cards 
and users here and in Japan will 
embrace the new technology. 

The PC Card standard is being 
forged by the Personal Computer 
Memory Card International Asso- 


ciation (PCMCIA) and the MITI- 
affiliated Japan Electronics Indus- 
try Development Association 
QEIDA), which includes about 40 
major Japanese companies. The 
70-member PCMCIA includes 
nearly all of the personal comput- 
er industry’s movers and shakers, 
with IBM, Lotus Development 
Corp. and Microsoft Corp. play- 
ing particularly active roles. 

Today and tomorrow in Seat- 
tle, Microsoft will host the May 
meeting of the PCMCIA, at which 
members are expected to ap- 
prove a draft agreed to in Tokyo 
on May 10 by PCMCIA members 
and the memory card working 
group of JEIDA. The agreement 
specifies the JEIDA V. 4.0 for- 
mat, 68-pin card; the DOS file 
format; a means for the system to 
know what kind of card it is deal- 
ing with; and other hardware and 
system-software specifications. 

It’s expected that Poqet Com- 
puter’s (Sunnyvale, Calif.) Poqet 
PC,, a palmtop unit that accepts 
the IC cards, will spearhead pene- 
tration of the U.S. market. 

Dan Stemglass, founder of Da- 
tabook Inc. (Ithaca, N.Y.), which 
manufactures a series of IC-card 
reader/writers and programmers, 
said: “What’s going to drive the 


market first are portable sys- 
tems, starting with the Poqet. We 
still have to see how much of the 
market will be penetrated by the 
handheld-type computers. Then, 



Fujitsu’s version of the 
credit-card-size ’PC Card.’ 
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PC Card standard drafted 


if everyone owns a handheld, IC 
cards might be used in desktops.” 

A host of notebook machines 
coming to market in Japan is ex- 
pected to fuel use of the new 
cards there. 

Last week at the Japan Busi- 
ness Show, NEC Corp., Fujitsu 
Ltd. and Mitsubishi Electric 
Corp. all introduced powerful new 
notebook computers that include 
1C reader/writers compatible with 
the new 68-pin standard. Fujitsu 
offered a half dozen applications in 
ROM-based IC card format, along 
with various data file cards using 
SRAMs. 


New notebook wave 

Those A-4-sized systems are in the 
6-lb. (2.7 kg) range, similar in size 
to the popular “Dynabook” from 
Toshiba. One model of NEC’s 
PC98 Note is also the first built 
around Intel’s 386SX processor, 
partly because it expects that users 
of notebook computers will want to 
run the same Windows interface 
they use on their desktops. 

Though the Dynabook does not 
include an IC card slot, future 
Toshiba systems will. Both the 
chairman of the JEIDA working 
group and the software subcom- 
mittee are Toshiba executives. 

Though several companies are 
developing notebook machines in 
the United States, the portable 
field here is currently focused on 
the larger, heavier laptop PCs, 
like those made by Zenith Data 
Systems (now part of the Bull 
Group), Compaq and Tandy. 

But that could change. Accord- 
ing to Japanese sources, IBM 
Corp. is expected late this year to 
introduce a notebook computer, 
now under development at IBM 
Japan, that would use IC cards 
manufactured at a hew IBM 
plant in Toronto. By using the 
PC Card, IBM might try to 
leapfrog its competitors and 
make a comeback in portables, 
just as it’s trying to do in work- 
stations * The June meeting of 
the PCMCIA will be hosted by 
IBM in Toronto. 

For now, hopes for the PC 
Card’s success in the U.S. market 
rest mainly with the Poqet com- 
puter. Poqet is pioneering IC card 
use with versions of Lotus 1-2-3, 
an integrated package called 
Alpha Works from Alpha Software 
(Burlington, Mass.), and other 


How standard came about 


Tokyo — The people who hammered out the IC card standard 
between Japan and the United States described it as an exercise 
in quick compromises — and a demonstration that good will exists 
in abundance between Japan and America. 

Basically, the standard took most of the hardware specifica- 
tions developed over the past five years by the Japanese and 
added software standards prompted by the U.S.'s Personal 
Computer Memory Card International Association (PCMCIA). 

Fujitsu Microelectronics memory card manager John Reimer 
said Poqet Computer executives realized a year ago that a 
standard for the cards 
would expand the software 
base for their palmtop ma- 
chine. Reimer — described 
as "the driving force” be- 
hind the formation of the 
PCMCIA — sent out letters 
in June 1989 about the new 
association and got quick 
acceptance from U.S. com- 
panies. About 70 compa- 
nies joined PCMCIA. 

Late last year, the 
Americans sent a letter to 
the Japan Electronic Indus- 
try Development Associ- 
ation OEIDA), an associ- 
ation that focuses on 
personal computers. The 
JEIDA working committee, already five years in existence, sent 
10 Japanese representatives to the PCMCIA’s January meeting, 
in Dallas. 

Japanese and American executives began crossing the ocean 
each month, attending each other's meetings. The Americans, 
accustomed to voting on issues after a period of discussion, 
worried that the Japanese would "want to keep talking, talking, 
talking, until they reached a consensus,” Reimer said. 

Instead, the Japanese accepted U.S. proposals about the pin 
lengths for the 68-pin connector; Japanese software compa- 
nies — including Microsoft Japan, Just Systems and Ascii Corp. — 
provided important input to the software discussions. 

— David hammers 



Reimer: Instigator. 



mm&mmwmm 


applications. The system it now 
uses is upward-compatible with 
the new standard. 

John Reimer, the Fujitsu Mi- 
croelectronics (San Jose, Calif.) 
memory card manager who 
serves as the PCMCIA’s chair- 
man, said he got interested in IC 
cards because of Fujitsu’s invest- 
ment in Poqet Computer. Fujitsu 
is doing back-up manufacturing 
for Poqet in Japan and is a card 
supplier to Poqet. 

Reimer said he expects the 
success of Poqet’s $2,000 system 
to drive demand for IC cards in 
the United States for the time 
being. But, he said, ultimately, 
“every executive will want to 
have some kind of notebook com- 
puter,” and that will create the 
market for IC cards. 

Not an expansion card 

The PC Card should not be con- 
fused with the memory expansion 
cards that some vendors offer for 
adding DRAM to laptops. Partly 
to avoid confusion with these 
DRAM cards, PCMCIA uses the 
name “PC Card” and has devel- 
oped a logo that will mark the 
cards that comply to the standard. 

PC Cards, rather than being 
analogous to add-on memory, 
are actually a form of removable 
media, like the 3V2-inch dis- 
kettes being used in today’s 
laptops. Like floppies, they 
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Japan/U.S. PC Card standard at hand 


not only store programs and data 
but will allow dissimilar notebook 
machines to share that data, 
thanks to the standard. Further, 
by using PC Cards, notebook 
computers could exchange data 
with pocket computers or even 
with new versions of the electron- 
ic organizers which have sold mil- 
lions in Japan, but have been 
based to date on proprietary card 
schemes. 

IC cards are seen as the key to 
eventually replacing floppy disk 
drives in notebook computers. 
Ryozo Yamashita, an ASCII Corp. 


(Tokyo) engineering vice presi- 
dent, attended several PCMCIA 
meetings in the United States and 
said he grew tired of carrying the 
six-pound Dynabook along in his 
rucksack. 

“With a floppy disk drive in the 
computer, there is not much 
more than can be done to reduce 
the weight. And a floppy drive 
consumes a lot of power.” 

But before the ubiquitous flop- 
py is designed out of notebook 
computers, software companies 
must port more software to PC 
Cards. Yamashita said he believes 
the market will be driven first by 
the Poqet computer (though he 
believes the Poqet keyboard 
needs improvement) and later 
this year by less expensive porta- 
ble computers. 

“By the end of this year the IC 
memory card will be used as the 
primary media on pocket-type 
computers from many compa- 
nies,” Yamashita said, with the 
fall Comdex show in November a 


target date. With the PC Card, he 
noted, the system CPU can di- 
rectly access the memory on the 
card itself. “That will eliminate 
the huge memory needed on the 
main unit,” he said. 

Once a large installed base of 
hardware is on the market, more 
software will be ported to PC 
Cards, he said. However, soft- 
ware companies are cautious be- 
cause of the high cost of putting 
software into silicon. A 1-Mbyte 
ROM card that costs $50-70 now 
may come down to half that over 
the next year, as 8- and 16-Mbit 


mask ROM chips proliferate. But 
compared with distributing appli- 
cations on floppies, ROM IC 
cards are a big financial risk, espe- 
cially for the thousands of small 
software companies. 

Japan’s software houses, in- 
cluding ASCII, have a lot of expe- 
rience selling Nintendo game soft- 
ware stored in ROM, Yamashita 
said. But Nintendo software can 
sell in millions of units, while the 
computer market is marked by 
higher prices but smaller unit vol- 
umes. The big merit of IC card 
software, he said, is that it cannot 
be copied by individuals, giving 
software companies the incentive 
to strive for potentially higher 
margins. 

One other potential hurdle for 
getting software into PC Cards 
could be settled at this week’s 
PCMCIA meeting. There, Micro- 
soft and Lotus Development 
Corp., two of the biggest promot- 
ers of the standard, will try to 
work out their differences on how 


to implement “execute in place” 
(XIP). XIP permits a small sys- 
tem to run software stored on a 
PC Card and access memory on 
the same card, rather than relying 
solely on the system’s memory. 
XIP is an important issue for the 
optimal execution of large pro- 
grams adapted to IC cards, such 
as Lotus 1-2-3 running on the Po- 
qet system. The issue brings to 
the IC card level a bigger issue: 
how to get around the 640-kbyte 
barrier of the original PC architec- 
ture while maintaining PC compati- 
bility, said Yoshinobu Akimoto, an 
engineer at Microsoft Japan. 

Mike Dreyfoos, chief engineer 
of Microsoft's MS-DOS division, 
who is active in the PCMCIA, and 
Jim Prelack, a Lotus Develop- 
ment executive who serves as 
president of PCMCIA, are both 
said to be taking a “market orient- 
ed” approach toward resolving 
the snag. 

An informal meeting on the XIP 
issue, held here May 14, resulted 
in some progress, sources here 
said. Even without an immediate 
agreement on XIP, companies 
can take the basic standard and 
begin porting software and build- 
ing IC card-based hardware. 

“Both companies [Lotus and 
Microsoft] realize we’ve got to 
get the show on the road,” said 
Fujitsu’s Reimer. 

U.S. to get the Jump 

T. Shigeta, a senior staff manager 
at Microsoft Japan, said the U.S. 
market may adopt the software 
cards faster than the Japan mar- 
ket. In Japan, Fujitsu, NEC and 
other companies all support pro- 
prietary versions of MS-DOS, 
making applications incompatible. 
That fracture is continuing down 
to the notebook and palmtop sys- 
tems, which will support propri- 
etary versions of MS-DOS. 

“The big issue is not only the 
high cost of the [IC card-based] 
software, but having to support 
different cards for the different 
architectures here in Japan,” Shi- 
geta said. 

He believes the data cards will 
sell well in Japan. “The impor- 
tance of this standard is that note- 
book-, laptop- and desktop-type 
computers will be able to ex- 
change data on the cards.” 

He predicted small ISVs will 
maintain a cautious stance toward 
IC card-based software. The lack 
of software support has hurt pre- 


vious attempts to market IC card- 
only notebook computers, includ- 
ing NEC's “UltraLite,” sold in the 
U.S. market, Epson’s “Note Ex- 
ecutive” and Sharp’s “Brain.” 

Asked if Microsoft will port its 
applications to tne cards, Shigeta 
said, “I can’t say anything explicit, 
but from the level of our activity in 
JEIDA and PCMCIA, you can see 
that we see a bright future in IC 
memory cards.” 

Ryosuke Takahashi heads up 
the five-person IC card team at 
DuPont Japan Ltd. As a neutral 
player in between Japan’s com- 
peting electronics companies, Du- 
Pont buys memories, has them 
assembled by third-party suppli- 
ers and markets the IC cards to 
Japan's computer makers. Du- 
Pont also supplies most of the 
two-piece (header and female) 
connectors used in the JEIDA for- 
mat cards. 

A 1988 market study done by 
DuPont and Nomura Research In- 
stitute predicted that the IC card 
market in Japan would grow by a 
33 percent compound average 
growth rate, rising to about $1 
billion in 1995. That’s about five 
times larger than the total expect- 
ed for 1990, and the Japan market 
estimate preceded the unexpect- 
ed joint standard with the U.S. 

In about two years, when flash 
EPROM-based cards are in wider 
use, the price of most of the cards 
will drop to half, Takahashi said. 
Now, a 512-kbyte SRAM card is 
sold to OEMs for about 40,000 
yen, or about $240. 

Takahashi believes that palm- 
top-size computers will be the 
biggest market for the next cou- 
ple of years, with most notebook 
computers continuing to use flop- 
py disk drives. Beyond that, 
some companies may migrate to 
IC card-based notebooks, sans 
floppy drive. 

But other markets will be im- 
portant. Already, robots and mea- 
surement equipment, laser print- 
ers, and medical equipment use 
IC cards. “My personal view is 
the digital still cameras will be a 
big market for IC cards in years to 
come, replacing film,” Takahashi 
said. Toshiba and Fuji Film al- 
ready have a camera on the mar- 
ket that uses IC cards, and Sony 
may change from a floppy to a 
card based still camera. The FBI 
put in a major order for Sony’s 
camera last week. 





ASCII’s Yamashita said a po- 
tentially huge market for IC cards 
is in distribution of specialized in- 
formation. A number of Japanese 
software, printing and publishing 
companies have initiated the In- 
ternational Card Media Publishing 
Association. Stock exchange data 
and financial news, train timeta- 
bles and other forms of change- 
able data could be stored on IC 
cards. One idea is to provide 
vending machines that would 
download data on to a card at a 
train kiosk or newsstand. 

“When flash memory gets 
cheap enough, then you might 
stop by and download certain 
kinds of news and view it on the 
train; information could be per- 
sonalized,” Yamashita said. 

The way to look at IC cards is 
as the next step in the evolution of 
computer media, from paper tape 
to magnetic tape and floppy/hard/ 
optical disks, and now to a silicon- 
based media, he said. 

Mask ROMs normally are used 
to store software in IC cards. The 
market for Nintendo game car- 
tridges has helped drive the price 
of a 1-Mbyte ROM card down to 
about $60 to $70. That may drop 
by half over the next year. 

Before IC cards become popu- 
lar the cost of data storage cards 
must come down, an area where 
flash EPROMs are expected to 
play a key role. 

“All of the PCMCIA members 
expect that flash will replace a 
good chunk of the SRAM-based 
cards,” said Reimer, noting that 
Intel Corp., Texas Instruments, 


Inc. and Toshiba Corp. — the larg- 
er companies in the flash memory 
field — are active members of 
PCMCIA. Fujitsu and other Japa- 
nese companies have major flash 
development efforts under way. 

William Howe, president of In- 
tel Japan, said IC-card related 
product announcements from In- 
tel, based on flash EPROMs, “are 
not very far away.” Though he 
said Japanese semiconductor 
companies have accelerated their 
own flash development efforts, 
they are turning to Intel for flash 
EPROMs to be built into IC 
cards. 


T akemae said flash 
memories will 
make an impact on IC 
card pricing, probably 
beginning next year. 


“In the last few months the 
interest from our customers in 
flash (for use in IC cards) has 
increased by an order of magni- 
tude. It’s not just Company A or 
Company B, it's everybody,” 
Howe said. 

Though flash is considerably 
more expensive than EPROM 
memory now, Howe said he ex- 
pects the price to come down to 
10 to 15 percent above the tags 
on EPROMs, and far less than the 
price of SRAMs now used in IC 
data cards. 


Yoshihiro Takemae, a Fujitsu 
Ltd. semiconductor manager who 
served as chairman of the JEIDA 
hardware subcommittee, said 
flash memories will make an im- 
pact on IC card pricing, probably 
beginning next year. The PC 
Card pin layout scheme reserves 
pin No. 18 for programming the 
card, which would accommodate 
the 12 volts needed to electrically 
rewrite a flash memory. 

While research continues into 
ways in which sectors of a flash 
EPROM can be selectively 
erased, Takemae said, “I think 
that deletions can better be lian- 
dled by the software. People 
should think about the format and 
handling of the IC memory card 
just as they think about floppy 
disks now.” 

The hardware specifications in- 
cluded a write-protect switch, the 
position of the battery, a green- 
yellow-red light system to indi- 
cate the strength of the battery, 
and a variety of electrical specifi- 
cations, all of which can be ob- 
tained from the PCMCIA once 
the standard is published. 

The decision to move from 60- 
pin cards, which had been used by 
several Japanese companies, had 
been agreed upon earlier by the 
JEIDA group in its V 3.0 specifica- 
tions. 

The cards are about 3.3 mm 
thick, so that four-layer, double- 
sided cards can be housed. Fu- 
jitsu and other companies have 
been putting 20 to 24 chips on the 
double-sided cards, using TSOP 
(thin small-outline packages), an 
emerging form of surface-mount 
packaging, Reimer said. 


Takemae said the most difficult 
issue facing the hardware group 
was how to deal with “hot inser- 
tion/hot removal,” i.e., pulling out 
a card while the system is still 
operating, which can result in data 
loss. A major future issue is how 
to develop an I/O specification so 
that interface cards can be built 
into portable computers, “talking 
to” fax machines, telephones and 
pagers, printers, and other exter- 
nal devices. 

Yamashita, of ASCII, and Ter- 
ry Moore at Databook worked to- 
gether to develop the META card 
interface format, with input from 
Dreyfoos of Microsoft. 

META is a header format that 
tells the system what kind of card 
(such as an application or data 
card) is in the slot, what kind of 
semiconductor memory — and 
how much of it — is on the card, 
and so on. 

“We really have worked hard 
so the consumer can just plug in 
the card and make it look like a 
floppy disk. We want this to be a 
consumer product,” Stemglass 
said. 
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markets 


Flash Memory 
Outshines ROM 
and EPROM 


Saul Zales, intel corp., folsom, calif. 


s competitive pressures continue to mount, project and design leaders find 
themselves taking on more responsibility for overall system costs. In many 
cases, systems designers are expected to design with an eye toward controlling costs 
in all phases of the product life cycle, from conception through design and 
manufacturing — even up to post-sales service. 



Beyond paying strict attention to total life-cycle costs, today’s systems designers 
face other significant challenges. These include choosing the most efficient CPU 


architecture, designing for cross- 
vendor system connectivity, 
maintaining component and sys- 
tem quality, and building sys- 
tems that can be serviced easily. 
Software issues facing project and 
design leaders include planning 
for past and future compatibil- 
ity, minimizing code size, and 
balancing system performance 
and stability with time-to-mar- 
ket concerns. 

Memory designs have coalesced 
around basic choices: disk and 
DRAM architectures, and EPROM- 
based designs. Although these 


technologies have been improved 
over the years, they still require 
designers to make some trade- 
offs for certain applications. One 
such application that has taken 
on a growing importance for 
many manufacturers is embed- 
ded control. 

In the past decade, designers 
of electromechanical systems 
have come to rely heavily on the 
use of embedded microcon- 
trollers. These parts have vastly 
improved control functionality 
and performance. Consider, for 
instance, the growing number of 


consumer-electronics items that 
are microprocessor controlled: 
microwave ovens, washing ma- 
chines, VCRs, audio systems, and 
exercise equipment, to name but 
a few. These products ship with 
operating code stored in ROM or 
EPROM; the manufacturer as- 
sumes that the code stored in 
these memories will never 
change. 

Consumer products are not the 
only items equipped with embed- 
ded microcontrollers, of course. 
Industrial machines, office-auto- 
mation equipment, medical equip- 
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In a typical computer, the CPU's performance is slowed by the data bottleneck created by relatively sluggish disk 
access times. Embedding code in flash memory can eliminate this bottleneck for key operations. 


ment, communications equipment, avion- 
ics systems, and data loggers all include 
code stored in ROM or EPROM. In noncon- 
sumer products, code changes are more 
likely to occur, requiring frequent mem- 
ory fixes. Reasons for such changes include 
evolving customer needs, frequent de- 
mands for new features, improved algo- 
rithms, changing connectivity protocols, 
and eliminating software bugs. 

Code updates are impossible with some 
memory technologies; with others, they in- 
cur high costs and threaten product reliabil- 
ity (see box, "Memory Alternatives: Major 
Trade-Offs”). Designers of products that are 
likely to require code updating in the course 
of their life cycles should look beyond con- 
ventional memory options and investigate a 
technology that is well suited to such appli- 
cations: reprogrammable flash memory. 

Reprogrammable flash memories have 
the potential to improve product costs and 
reliability in many market segments. For 
example, ROM and EPROM parts are cur- 
rently used in electronic engine controllers 
for automobiles. These parts cannot be 
replaced; they are sealed under a moisture- 
resistant coating. To change the code en- 
closed in one EPROM, the service center 
must replace the entire controller module, 
which costs about $ 200 . 

Starting in 1993, Delco and a few auto- 
makers will begin using flash memory in 
these modules. With flash memory in 
place, if a code change is required — for 
instance, if the Environmental Protection 
Agency mandates a code change to reduce 
exhaust emissions — the service center can 
simply reprogram the memory using a 
serial link from the service bay’s diagnos- 
tic computer. No parts need to be re- 
placed, eliminating the risk of damage to 
other components in the module. 

Although flash-memory parts are more 
expensive than EPROM components, the 
additional up-front costs eliminate ex- 
penses that occur later in the product’s life 
cycle — that is, when code has to be updat- 
ed. Although customers generally assume 
the burden of paying for code upgrades, 
there are certain hidden costs to manufac- 
turers that, taken together, can be signifi- 
cant. For example, consider the cost dif- 
ference between transferring an upgrade 
electronically — as can be done with flash 
memory — and sending a highly paid tech- 
nician to make a service call. 

For whatever reason, most manufacturers 
do not include upgrade costs in their overall 
system cost estimates. If a year or two after a 
product is sold a code update is required, 
that expense usually is unaccounted for in 
the system’s overall cost. But just because 
the expense is unaccounted for doesn’t mean 
money isn’t spent. Costly updates to exist- 


ing products will show up on the organiza- 
tion’s bottom line somehow. For this rea- 
son, even if only one code change is antici- 
pated in the lifetime of a product, designers 
should opt for flash memory. 

■ PC Applications 

Flash memory fits extremely well in the 
embedded-control world, but its useful- 
ness is not limited to such applications. It 
is becoming more apparent that flash 

One area in which 


FLASH MEMORY 


COULD BOOST 


PC PERFORMANCE IS IN 


THE COMPUTER’S BIOS 


memory will play a critical role in the 
reprogrammable environment as well. For 
example, today’s personal computers are 
based on DRAM and disk drives. Obvious- 
ly, these systems provide acceptable per- 
formance to users. Their performance can 
be improved more, however, by employ- 
ing firmware based on flash memory. 

One area in which flash-memory firm- 
ware could greatly boost PC performance is 
in the computer’s basic input/output sys- 
tem (BIOS). A PC’s BIOS contains the sys- 


tem initialization, a power-on self-test, 
and basic component-level drivers. Cur- 
rently, a computer’s BIOS typically is 
stored in ROM or EPROM, which means 
that, in essence, it is an embedded-control 
memory. Without the nonvolatility these 
memories offer, the system could not ini- 
tialize itself sufficiently to load software 
from the disk. This is because the CPU 
cannot read directly from disk — the disk’s 
access time is much too slow. 

Although the average PC user does not 
think about changing a machine’s BIOS, a 
number of major PC vendors are planning 
to use flash memory for storing BIOS for 
several reasons. One is the rapidly chang- 
ing nature of microcomputer technology. 
Consider the increase in system complex- 
ity from the PCs of 10 years ago to today’s 
top-of-the-line machines. Today’s 32-bit 
PCs offer the computing power of mini- 
computers. Computer makers need tech- 
nology that allows for rapid adaptation to 
ever-changing situations. 

The open nature of microcomputer sys- 
tems adds to the need for flexible BIOS. 
Multiple vendors develop products that 
rely on the system’s BIOS. In other words, 
the BIOS drivers hold the key to compati- 
bility with both older hardware and soft- 
ware and newer products. The average 
stand-alone user who buys a computer, 
adds in a couple of boards, and runs a half 
dozen or so popular software packages 
usually doesn’t need to worry about BIOS 
compatibility. But what about MIS or DP 
managers at Fortune 500 organizations? 
They may be responsible for hundreds or 
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even thousands of PCs fitted with any 
number of different add-in boards and 
running hundreds of different software 
packages. Incompatibilities are likely to 
abound in this type of environment. 

With BIOS stored in EPROM or ROM 
devices, revisions to BIOS code are imprac- 
tical. The end result is that many users 
must make do with systems that do not act 
predictably with certain software or hard- 
ware. If BIOS is stored in flash memory, 
however, vendors can provide a disk with 
new code and a simple upgrade utility. 

Designing a flash-memory-based BIOS 
poses similar considerations as designing 
for the embedded-control environment 
(see box, “Designing with Flash Mem- 
ory”). The system must contain a 12-V 
power supply regulated to ± 5 percent. In 
addition, designers must deal with issues 
regarding the boot code. If power goes 
down midway through the BIOS upgrade, 
from where will the system boot? A boot 
PROM with the basic hardware initializa- 
tion code could be included for safety’s 
sake. It could be shadowed out once the 
flash memory has been properly initial- 
ized. Still, including a boot PROM incurs 
added costs and uses board space. 

Designers at Ing. C. Olivetti have built 
a flash-memory BIOS without the PROM 
safety net. The Italian company’s new 
80486-based microcomputer includes a 
flash-memory BIOS without a boot PROM. 
Designers decided that the risks involved 
in eliminating the PROM were minimal. A 
typical flash-memory upgrade takes 7 to 
10 seconds. The chances of power going 
down during those 7 to 10 seconds are not 
great enough to merit inclusion of the 
PROM, Olivetti decided. 

■ Beyond BIOS 

BIOS is only one PC component that can 
benefit from the flexible-firmware con- 
cept. The setup and diagnostics programs 

With FLASH MEMORY, 


IF OPERATING SYSTEMS 


ARE UPGRADED, USERS 


CAN SIMPLY REPROGRAM 


EMBEDDED PARTS 

that ship with every system can be stored 
in flash memory. Another design im- 
provement is to put the operating system 
into flash memory. Consider the PC’s boot 
sequence. When the system is powered 


up, the CPU executes the BIOS hardware 
initialization, performs a power-on self- 
test, and spins the disk up to speed. Only 
after the disk stabilizes at its operating 
velocity can the CPU begin to read the 
operating system. 

Most operating-system code is read- 
only, which means that, theoretically, it 
could be included in the BIOS ROM to allow 
for faster system power up. The reason 
that this has not been done on a wide scale 
is simple: Systems designers recognize 
that operating systems evolve and improve 
over time, and that a flexible environment 
is required. With flash memory, however, 
concerns about upgrades are eliminated, If 
Operating systems are upgraded, users can 
simply reprogram flash memories, as with 
flash-memory BIOS. Two major operating- 
systems houses, Microsoft Corp. and Digi- 
tal Research Inc., now offer their operat- 
ing systems in a form suitable for storage 
on ROM or flash memory. 

In addition to storing the operating 
system in desktop or laptop systems, flash 
memory can increase network performance 
for intelligent terminals and diskless engi- 
neering workstations. Large networks, 
such as those used in airline-reservation 
systems or retail point-of-sale systems, 
often bog down during peak transaction 
periods. The load on the network can be 
reduced by storing the operating system, 
LAN protocols, or even scheduling or pric- 
ing tables in flash memory. Updates can 
occur during off hours through the net- 
work itself. Curtis Inc. (St. Paul, Minn.), 
which has offered EPROM or SRAM solu- 
tions to this problem for a number of 
years, now also offers flash-memory prod- 
ucts to improve network performance. 

■ Office Applications 

Firmware based on flash memory can lead 
to significant efficiency improvements in 
several office applications. For instance, 
most offices now deploy laser printers for 
high-quality output. Laser printers allow 
users to produce typeset-quality memos, 
presentations, and the like. In many cases, 
the type fonts used with laser printers are 
stored in software on a PC’s hard-disk drive. 
Users download these fonts as they are need- 
ed to the printer’s RAM. Every time a font is 
changed, the downloading process must 
take place. Alternatively, many laser print- 
ers are equipped to take fonts from ROM- or 
EPROM-based cartridges that plug directly 
into the printer. The problem with ROM 
cartridges is that fonts stored in them can- 
not be changed. Any given cartridge may 
contain only a couple of desired fonts, which 
severely limits the flexibility of laser 
technology. 


Flash memory could greatly enhance the 
speed and flexibility of laser printers. Using 
a flash-memory-based cartridge, users or 
work groups could develop their own font 
libraries. Since flash memory is nonvolatile, 
these fonts will stay resident in the printer 
without the use of batteries or uninterrupti- 
ble power supplies. 

Flash technology is well suited to applica- 
tion storage as well. Software stored on disk 
greatly reduces system performance, since 
disk access times are very slow compared 
with memory and CPU speeds (see figure). 
Of course, this speed bottleneck is not criti- 
cal to most PC users; if a program takes a few 
seconds to load, so be it. For high-end 
systems, however, flash memory can boost 
system speed significantly by functioning as 
a code accelerator by storing programs or 
code that are accessed most often. 

One high-end application that could 
benefit greatly from flash memory is CAD. 
Some CAD programs minimize the RAM 
used for program storage in order to maxi- 
mize the data-memory space. To do this, 
the complex software swaps submodules 
into memory from disk as needed. Access- 
ing the disk for a new module or library ties 
up the system and degrades performance. 

Many CAD users install large add-in 
memory boards set up as RAM disks to 
avoid the transfer bottleneck. Whenever 
the system resets or powers down, howev- 
er, this RAM disk loses its memory. A 
system containing a flash-memory disk 
emulator would not have this problem. 
Such a system for CAD and engineering 
applications is available from Digipro 
(Huntsville, Ala.). 

a portable PCs 

Laptop and notebook-sized portable 
computers stand to benefit greatly from 
flash-memory technology. Although 
small, relatively efficient 2.5-inch disk 

For HIGH-END SYSTEMS, 


FLASH MEMORY 
CAN BOOST SPEED 


BY FUNCTIONING AS 


A CODE ACCELERATOR 


drives have come onto the market for 
laptop computers, their efficiency rating is 
derived primarily from power-manage- 
ment schemes. If no access has been made 
to the disk for a certain period of time, the 
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drive goes into a low-power standby 
mode. Unfortunately, the delay caused by 
switching from standby back to operation- 
al mode further impedes the already-slow 
disk-to-memory transfer. 

From a power perspective, these small 
drives use relatively less power than desktop 
disk drives. Active power specifications in 
the 1-W range are attainable, as opposed to 
the multiple watts consumed by desktop- 
system drives. Compared with flash memo- 
ries, which use about 50 mW during active 
reads the 2.5-inch drives are power 
hungry. In addition, in standby mode flash 
memories use only 150 p-W of power. 

Notebook-sized computers do not have 
space for even the smallest of drives. Addi- 
tionally, users of notebook-sized systems 
demand much longer battery operation 
than is typical of laptops. Typical battery 
operation for notebooks range from 50 to 
100 hours, compared with two to five 
hours for laptops. 

The typical notebook computer con- 
tains ROM cards for applications and SRAM 
for storage of data files. This architecture 
has a few flaws. Users who purchase soft- 
ware for a desktop system may not want to 
spend another few hundred dollars for 
ROM-card versions. If flash-memory stor- 
age is provided, users can download soft- 
ware at a much lower cost. 

Some notebook-sized computers let us- 
ers load applications into SRAM or low- 
refresh DRAM (pseudo-SRAM). This proce- 
dure, however, is highly dependent on the 
system’s battery; when the battery dies, 
memory is erased. With flash memory, no 
power is consumed when the system is off. 
Additionally, flash memory is less expen- 
sive for bulk storage than is SRAM. 

Psion, a company based in the United 
Kingdom, recently introduced a notebook 
computer based on flash memory. Psion 
compared the price differences between 
SRAM and flash memory and found flash 
memory to be much more cost-effective. 
Based on the power savings of flash memory 
and very tight system design criteria, Psion 
built a 60-hour operational system. 

■ File Storage Under DOS 

Given the compelling reasons to adopt 
flash memory in the various PC environ- 
ments, designers can then ponder the 
question: How can a bulk-erasable mem- 
ory be used for file storage under DOS? The 
DOS directory and file-allocation tables 
(FATs) require the ability to erase and 
rewrite single bytes and files. The answer 
to this has many facets and depends on the 
degree of flexibility needed. 

The most inflexible, but easiest to imple- 
ment, approach involves creating a fixed 
disk image. Before programming the flash 


memory, the vendor combines the operat- 
ing system, utilities, and specific applica- 
tions onto a disk. It then runs this suite of 
programs through a utility that adapts the 
software for ROM or flash-memory storage. 
Finally, another utility creates the DOS di- 
rectory and FATs and assembles the disk 
image. Digital Research offers both a ROM- 
format DOS version and disk-image utili- 
ties. Microsoft offers an optimized ROM- 
format DOS for the portable market as well. 

Software embedded 


IN FLASH MEMORY 


CAN BE CHANGED 


WITHOUT COMPROMISING 


SYSTEM PERFORMANCE 


Makers of notebook-sized computers, 
intelligent terminals, and dedicated hand- 
held computers might consider this strate- 
gy. A laptop vendor that offers a low- 
power disk might consider this approach 
as well. The most-used software, such as 
the operating system, calendar, alarm, 
and communications software, will load 
more quickly and not burn as much power 
on each access. Upgrade-software disks 
could be sold to registered system owners 
already formatted with a new disk image. 

Another approach currently used by 
Digipro involves adapting RAM-disk emu- 
lator drivers to flash memory. This entails 
trapping disk writes and programming 
the information algorithmically. 

From the user perspective, the flash- 
memory disk operates as a hard disk, but 
with 100 times the typical read perfor- 
mance of a hard disk. To load the flash- 
memory disk emulator, a user simply is- 
sues the DOS Copy command. 

A drawback to this approach is that 
loading any application or its libraries 
forces a rewrite of the entire directory and 
FATs. For example, a file that contains 
only 2 Kbytes and should program in 50 
ms may take several seconds to store be- 
cause of file-system overhead. Note that 
this drawback may not be important as far 
as code acceleration is concerned. Files are 
loaded to the flash-memory disk as an off- 
line task, so the write-performance impact 
is minimal to read-mostly performance. 

A third solution to the DOS compatibil- 
ity problem comes from Microsoft, which 
has developed a flash-memory file system 
that loads under MS-DOS and other com- 
patible operating systems. When a user 
adds a directory or a file to the flash- 


memory disk, the file system adds the 
information in a linked list. Should the 
user delete the directory or file, the file 
system marks an attribute field as being 
inactive. When the disk fills up, the user 
copies the active files and directories to a 
hard disk on the desktop system or to 
another disk on a portable system. Since 
the DOS Copy command only grabs active 
files, the newly transferred version con- 
tains a clean, unfragmented linked list. 
The user then erases the original flash- 
memory disk. 

As these examples illustrate, Hash 
memory offers alternatives to current 
problems in system architecture. To offer 
true solutions, a memory technology must 
also satisfy three objectives: It must pro- 
vide acceptable density, incur a reasonable 
cost, and offer EPROM-level reliability. 

Intel’s ETOX flash-memory technology is 
the first new technology in nearly 20 years 
to satisfy all three objectives. It is dense — 
the 1-Mbit 28F010 has been shipping in 
production units since April 1989. Costs 
have decreased dramatically as volume has 
ramped. And because the ETOX process and 
memory cell so closely parallel mainstream 
EPROM technology, flash memory has reli- 
ably doubled in density three times in the 
last two years. Additionally, a flash-mem- 
ory device can be reprogrammed about 
100,000 times — a sufficient number for 
most firmware and disk applications. 

Current Intel flash-memory product of- 
ferings include the 28F256, 28F512, and 
28F010. These devices are 32-Kbit X 8, 
64-Kbit X 8, and 128-Kbit X 8, respec- 
tively. All products ship in either surface- 
mounted ceramic DIP or PLCC. Higher den- 
sities, plastic DIPS, and smaller packages 
will be available shortly. Additionally, for 
those designs requiring a bulk-memory so- 
lution similar to that offered by DRAM 
vendors, Intel offers eight 28F010 PLCC 
units mounted on a single in-line memory 
module (SIMM). 

With flash-memory technology, soft- 
ware can be changed without compromis- 
ing the performance of disk access. The 
task can be accomplished in a reliable 
manner and without the high costs associ- 
ated with service calls by field technicians. 
Finally, flash memory is nonvolatile — 
data stay resident even when the power 
supply is cut off. Together, these attri- 
butes enable flash-memory technology to 
provide users with flexible firmware and 
improved system design. ■ 
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Designing with Flash Memory 


F or many embedded-control applications, whether the 
control is of the sequential, closed-loop, or data-control 
variety, flash memory offers dense, reliable, rewritable, non- 
volatile storage. From a systems perspective, the memory 
reads the same way as an EPROM, E EPROM, or SRAM, with 
access speeds of up to 120 ns* Intel fabricates flash-memory 
devices using its EPROM Tunnel Oxide (ETOX) process. ETOX 
i$ based on InreFs high-volume CMOS EPROM process. Because 
of this, flash memory reprograms in the same way as an 
EPROM — via CPU-controlled algorithms. 

With flash memory, the (designer implements the repro- 
gramming algorithms, which are simple closed-loop algo- 
rithms that require 500 to 1,000 bytes of code. (Intel offers 
sample code generated for different base processors to mini- 
mize the software effort.) Because flash memory is bulk- 
erasable, this code must be stored and executed from another 
memory while the main code is updated. For this process, 
many designs rely on internal ROM space on microcontrollers 
or small EPROM boot loaders on Intel 80X86 systems. The 
boot loader contains sufficient code to initialize the system 
and reprogram the flash memory. 

As with EPROM, flash memory requires a programming 


power supply of 12 v ±5 percent. Some systems feature a 
12-v supply, but others do not. Systems with analog 
circuitry, for instance, often contain rails of 15 V or higher. 
In these systems, the programming power supply can be 
generated by regulating the higher voltage using an 
LM3 17-type regulator. 

For memories that have a power supply of 5 V, designers 
can opt for either monolithic or discrete charge pumps, such 
as those as offered by Valor Electronics and Linear Technol- 
ogies. Since flash memory requires only 30 mA per device, 
from the programming power supply during active program- 
ming and erasure, these boost circuits can be made fairly 
small. 

Some flash-memory manufacturers claim to have simpli- 
fied programming and erasure by developing automatic con- 
trols and 5-V-only programming. The 5-v technologies are 
based on EEFROM-prograrriming rather than EPROM-pro- 
gramming techniques and generate high voltages internally. 
They require larger board spaces and are less dense, more 
costly, and less reliable than 12-V designs. And although 
they ate called flash memories, these parts tend to be nothing 
more than EEPROM technologies. 
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COMPUTER TECHNOLOGY REVIEW ■ MASS STORAGE 

Flash Memory Operates 10-20 Times Longer 


by Markus Levy 

Major technology changes in 
the 1990’s will place new 
demands on memory devices. 
Mainframe computing perfor- 
mance is now available in 
a laptop PC, and hand-held 
solid-state calculators have 
become sophisticated organ- 
izers. The convergence of these 
two trends has led to the evolu- 
tion of the notebook PC and the 
emergence of Flash memory. 

With a minimum battery life 
of 20 hours and weight not 
exceeding five lbs, the com- 
pletely solid-state notebook PC 
will reliably handle all perfor- 
mance requirements of the 
traveler. Flash memory helps 
make the design goals of the 
notebook computer a reality by 
replacing the majority of the 
memory technologies in the 
system. Psion, a leader in the 
notebook computer market, 
has created a product in which 
Flash memory is used for BIOS, 
OS, and secondary storage. This 
completely solid-state, dos- 
compatible machine weighs 
only 4.5 lbs and operates on 


eight AA batteries for 25 hours. 

To incorporate rapidly im- 
proving power management 
techniques for battery-powered 
systems, the BIOS must be soft- 
ware updatable— remotely over 
a modem or with a floppy disk 
sent by the OEM. As such, the 
EPROM no longer fulfills its 
classic role for code storage. 
However, designed with a simi- 
lar memory cell structure 
based on ETOX technology 
(EPROM Tunnel Oxide), Intel 
Flash memory provides equiva- 
lent reliability and nonvolatility 
with the added advantage of one 
sec, chip-level, electrical eras- 
ability (hence the name ‘flash’). 
Flash memory can occupy the 
EPROM’s socket with minor 
hardware modifications, pri- 
marily, 12V (Vpp) and write 
enable (W/E) must be supplied 
to enable the software con- 
trolled erase and program 
operations. 

Traditionally, when the com- 
puter boots up, the operating 
system (namely DOS) is read 
from the disk and downloaded 
to DRAM. Digital Research and 


Microsoft offer ROM-executable 
versions of DOS. Originally 
designed for the unchangeable 
ROM, this product now accom- 
modates Flash memory which 
can easily be reloaded with 
newer revisions without re- 
moval from the system. Flash- 
executable DOS benefits the 
notebook computer because it 
reduces the system RAM 
required for DOS from 70K to 
15K, reflecting both power and 
component savings. Addi- 
tionally, the system bootup is 
almost instantaneous, com- 
monly referred to as ‘instant- 
on.’ 

Solid State Secondary 
Storage 

Solid-state secondary storage 
has had the greatest overall 
impact on the notebook com- 
puter (See Fig). In this environ- 
ment, the power consumption, 
reliability, size, and weight of 
the mechanical disk drive is 
unacceptable. For example, the 
active and standby modes of the 
small form factor (2 1/2-in.), 20 
Mbyte disk drive typically con- 
sume 4W and 0.5W, respec- 


tively. As a comparison, the 
active and standby modes of the 
equivalent capacity of Flash 
memory, consisting of low 
power CMOS circuitry, typically 
consume only 0.15W and 
0.04W, respectively. Obviously, 
for a truly accurate analysis, 
other components of the sys- 
tem should be included, but 
from the data storage point of 
view alone, the Flash memory 
disk will operate 10-20 times 
longer than the mechanical 
disk on a set of batteries. 

Reliability issues will always 
exist with mechanical media in 
any type of portable equipment 
because of shock and vibration, 
but it is difficult to perform a 
theoretical analysis on this 
subject. Suffice it to say, that 
from an MTBF standpoint (as 
measured by disk drive manu- 
facturers under normal operat- 
ing conditions), a mechanical 
disk will typically run 50,000 
hours. A Flash memory device 
(capable of 100,000 erase/ 
program cycles) should con- 
tinue to function past 1.6 million 
hours— a difference of two 
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Flash Memory Should Offer 1.6 Million Hr MTBF 



Fig Whereas in workstations Flash memory is used as cache for the OS and code, the laptop uses Flash memory for direct 
execution. 


orders of magnitude. 

Size and weight are also criti- 
cal factors in the notebook 
computer. Two Mbits of Flash 
memory is now available jn a 
thin small outline package 
(TSOP) with a height of 1.2 mm. 
Minimally, 16 of these tiny pack- 
ages can be put into a pocket- 
sized IC memory card (15,789 
cm 3 vs 215,384 cm 3 for the 2 1/2- 
in. mechanical disk drive) 
to make up a four Mbyte disk, 
an adequate supply of memory 
for the notebook computer. 
Flash memory is not the only 
technology used as a solid-state 
alternative to secondary stor- 
age. ROM and battery-backed 
SRAM drives are actually more 
common because of familiarity. 
However, each has inherent 
drawbacks. ROMs have histori- 
cally been used in laptop sys- 
tems to store unchangeable, 
preloaded software programs. 
To upgrade with software revi- 
sions, the ROM application 
hardfile is discarded and a new 
card is purchased— an undesir- 
able expense for the user. 

Battery-backed SRAMs en- 
able the flexibility to continu- 
ously modify files. SRAMs are 
used both as floppy and hard 
drive replacements, only where 
very low densities are required. 
Besides not being practical for 
high-density applications, 
SRAMs also draw concern from 
unpredictable battery life. 

Unlike the ROM drive, flash 
memories can be repro- 
grammed many times. Unlike 
SRAMs, the single transistor 
memory cell of flash (compared 
to 4-6 transistors for SRAM) is 


very scalable for photolitho- 
graphic processes, promoting 
very high density devices. In an 
environment where high den- 
sity is synonymous with sec- 
ondary storage, flash will out- 
sell and outlast volatile SRAMs 
because of cost and reliability 
advantages. 

Using Flash memory 

The adoption of Flash mem- 
ory in a solid-state disk comes 
with the design challenge of 
interfacing a bulk-erasable 
memory with a file system 
requiring byte-level alterability. 
The simplest solution is to use a 
ROM-like approach and use the 
drive as an application hardfile 
with the extra benefit of being 
able to erase and reuse the 
disk. Microsoft has made major 
advances over this approach by 
developing a special file system 
it calls Flash File System. Based 


on linked-list techniques, this 
DOS-compatible file system, 
with superior performance over 
the mechanical disk, takes 
advantage of the chip-level 
erasability of Flash memory. 

Although we have only dis- 
cussed Flash memory applica- 
tions in the notebook computer, 
its usage spreads well beyond. 
BIOS modification in desktop 
computers is also unavoidable 
due to increasing system com- 
plexity. Primarily aimed at fix- 
ing bugs, this technique also 
alleviates compatibility prob- 
lems that might arise from the 
installation of the myriad of 
add-in boards and software 
packages. In addition, the OEM 
can promote upgrade service 
as a market distinction, as done 
by NCR and Olivetti. 

Flash memory disks are use- 
ful as application caches in 
high-end systems because of 


their nonvolatility and RAM- 
disk equivalent access speeds. 
Many types of industrial equip- 
ment are using Flash memory 
for code storage and data accu- 
mulation, replacing all forms of 
disk drives, both mechanical 
and solid-state. 

Flash memory will continue 
to play a dominant role in the 
evolution of the notebook com- 
puter as well as every other 
application requiring a non- 
volatile, reprogrammable, reli- 
able, high density, and low cost 
memory. The flexibility of this 
new memory technology is 
driving costs down and generat- 
ing an important alternative to 
disk memory. ■ 

Markus Levy is technical mar- 
keting engineer at Intel Corp. 
(Folsom, CA> 
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Memory breakthrough 
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You can use it like RAM and carry it around like a disk. Flash EPROM technology is poised to 
change the way portables are made. 

L 


ast year — a year in which assump- 
tions about the world seemed to fall 
with bewildering regularity — a tru- 
ism about computers suddenly be- 
came irrelevant. Intel Corp. in Santa 
Clara, Calif., unveiled a new type of 
memory chip, the flash EPROM, 
which combines the flexibility of RAM 
with the permanence of disks. The 
distinction between RAM and disk 
started crumbling like the Berlin Wall. 

Now the implications of flash 
EPROMs for portable computing — 
particularly notebooks and hand- 
helds — are becoming clearer. If sup- 
porters of the technology are correct, 
flash EPROMs could 
eventually replace bulky, 
power-sapping disk 
drives in computers and 
serve as a universal stor- 
age medium for nearly 
every electronic device 
that uses memory. 

Based on older 
EPROM (erasable pro- 
grammable read-only 
memory) technology, 
flash EPROMs do not 
need a backup power 
supply to retain data. 

Like regular EPROMs 
and dynamic RAMs 
(DRAMs), they can be 
packaged in plastic cases 
and plugged into com- 
puter motherboards. And 
like static RAMs (SRAMs), 
they can be integrated 
on credit-card-size mem- 


ory cards, providing a removable stor- 
age medium for software. Intel guar- 
antees 10 years of data life. 

Flash EPROMs are likely to rear- 
range the mix of chip- and disk-based 
storage in all computers, especially 
the smallest portables. When used on 
removable cards, they can replace 
floppy drives, eventually for one- 
quarter the cost of currently available 
SRAM cards, according to Intel. At this 
writing, however, computer makers 
were waiting for lower prices before 
making the jump from SRAMs to the 
new chips. 

Flash EPROMs could also be used 



Intel’s flash EPROM chips can store data without a constant supply 
of electricity. 


to store programs (such as Tandy's 
Deskmate interface or MS-DOS) 
which now take several seconds to 
load from hard disk to RAM while 
sucking up precious electricity. Pro- 
grams stored in flash EPROMs load 
nearly instantaneously. One compa- 
ny, Cardinal Technologies Inc. 
(Lancaster, Pa.) plans to offer an ex- 
pansion board containing Digital Re- 
search's DR DOS in regular ROM 
paired with 2MB of flash EPROM for 
storing applications. 

Engineers also envision flash 
EPROMs bringing major changes to 
the embedded computers and con- 
trollers that are becoming 
mainstays of modern life. 
Computerized engines 
could be reprogrammed 
to reflect evolving fuel 
mixtures as a car ages 
(currently, such program- 
mable memory is de- 
pendent on battery pow- 
er). Digital electronic 
cameras will use flash 
EPROMs instead of digital 
tape or film to store pho- 
tographs with sharpness 
comparable to that of 35- 
millimeter cameras. 

Although London- 
based Psion PLC is first 
out of the gate with two 
flash-based notebook 
computers, the MC200 
and MC400 (available this 
summer) you can expect 
to see other innovative 
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machines using the new technology 
by early next year, according to Intel. 

Hardware and software vendors 
are already using flash EPROMs to 
store vital code normally residing on 
ROM chips that can't be conveniently 
reprogrammed. When encoded in 
flash EPROMs, the computer's ROM 
BIOS, which manages hardware's in- 
teraction with software, can be updat- 
ed via modem or floppy disk. 
(Phoenix Technologies Ltd., the 
largest BIOS maker, began offering 
flash EPROM versions of its products 
last spring.) BIOS upgradability will 
let you take advantage of new power- 
management breakthroughs and lap- 
top peripherals without buying a new 
machine. 

Flash EPROMs have one disad- 
vantage that slightly limits their use: 
writing data to them takes nearly as 
much time as writing to a floppy. For 
this reason, they aren't as efficient as 
regular RAM at running applications 
like word processors and databases, 
which involve opening and closing 
files regularly. Flash EPROM propo- 
nents admit that computers based on 
the technology will sometimes use 
traditional DRAM storage for data 
manipulation, with flash EPROM 
cards taking the place of floppy and 
hard disks. 

All the major laptop vendors are 
considering flash EPROMs, according 
to Kurt Robinson, Intel's product line 
architect for flash EPROMs. "Just 
about everybody is updating the 
BIOS portion of their machines from 


ROM to flash," Robinson says. In ad- 
dition, Microsoft has thrown its sup- 
port behind the technology by releas- 
ing file-management software that 
lets MS-DOS treat flash EPROMs like 
disk drives. 

Intel expects steady increases in 
flash EPROM storage density at least 
through 1996. One-megabit chips are 
selling now, two-megabit versions 
should be available later this year, and 
four-megabit chips should follow in 
1991. When 16-megabit chips arrive 
by 1994, vendors could introduce 
32MB and 48MB "hard drives" on a 
card roughly two by three inches. 

Texas Instruments (TI) is offering a 
similar technology that uses less pow- 
er than Intel's flash EPROMs during 
data writing. In the typical flash- 
EPROM computer, all logic and mem- 
ory operations require five volts of 
electricity, except for writing to the 
flash EPROM, which takes 12 volts. 
TI's new chips eliminate the need for 
a 12-volt power supply anywhere in 
the machine, saving space and 
weight. 256-kilobit chips are already 
available, with one-megabit versions 
expected by the end of this year. 

Production efficiencies and price 
competition are likely to drive flash 
EPROM prices down to the level of 
dynamic RAM chips by 1994, Robin- 
son asserts. By then, the whir of disk 
drives could be little more than a fast- 
fading memory. 
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DOMESTIC DISTRIBUTORS 


ALABAMA 

Arrow Electronics, Inc. 
1015 Henderson Road 
Huntsville 35805 
Tel: (205) 837-6955 
FAX: 205-751-1581 

Hamilton/Avnet Computer 
4930 I Corporate Drive 
Huntsville 35805 


Hamilton/Avnet Electronics 
4940 Research Drive 
Huntsville 35805 
Tel: (205) 837-7210 
FAX: 205-721-0356 


tArrow Electronics, Inc. 
2961 Dow Avenue 
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Tel: (714) 838-5422 
TWX: 910-595-2860 

Hamilton/Avnet Computer 
3170 Pullman Street 
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Hamilton/Avnet Computer 
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Hamilton/Avnet Computer 
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Sacramento 95834 


MTI Systems Sales 
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Suite 120 
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Tel: (205) 837-9300 
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ALASKA 

Hamilton/Avnet Computer 
1400 W. Benson Blvd., Suite 400 
Anchorage 99503 

ARIZONA 

tArrow Electronics, Inc. 

4134 E. Wood Street 
Phoenix 85040 
Tel: (602) 437-0750 
TWX: 910-951-1550 

Hamilton/Avnet Computer 
30 South McKemy Avenue 
Chandler 85226 

Hamilton/Avnet Computer 
90 South McKemy Road 
Chandler 85226 


Hamilton/Avnet Computer 
4545 Viewridge Avenue 
San Diego 92123 

Hamilton/Avnet Computer 
1175 Bordeaux Drive 
Sunnyvale 94089 

Hamilton/Avnet Electronics 
21150 Califa Street 
Woodland Hills 91367 

tHamilton/Avnet Electronics 
3170 Pullman Street 
Costa Mesa 92626 
Tel: (714) 641-4150 
TWX: 910-595-2638 

tHamilton/Avnet Electronics 
1 1 75 Bordeaux Drive 
Sunnyvale 94086 
Tel: (408) 743-3300 
TWX: 910-339-9332 

tHamilton/Avnet Electronics 
4545 Ridgeview Avenue 
San Diego 92123 
Tel: (619) 571-7500 
TWX: 910-595-2638 

tHamilton/Avnet Electronics 
21150 Califa St. 

Woodland Hills 91376 
Tel: (818) 594-0404 
FAX: 818-594-8233 


tHamilton/Avnet Electronics 
505 S. Madison Drive 
Tempe 85281 
Tel: (602) 231-5140 
TWX: 910-950-0077 


tHamilton/Avnet Electronics 
10950 W. Washington Blvd. 
Culver City 20230 
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TWX: 910-340-6364 


Hamilton/Avnet Electronics 
30 South McKemy 
Chandler 85226 
Tel: (602) 961-6669 
FAX: 602-961-4073 


tHamilton/Avnet Electronics 
1 361 B West 190th Street 
Gardena 90248 
Tel: (213) 217-6700 
TWX: 910-340-6364 


Wyle Distribution Group 
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Phoenix 85040 
Tel: (602) 249-2232 
TWX: 910-371-2871 


CALIFORNIA 

Arrow Commercial System Group 
1502 Crocker Avenue 
Hayward 94544 
Tel: (415) 489-5371 
FAX: (415) 489-9393 


Arrow Commercial System Group 
14242 Chambers Road 
Tustin 92680 
Tel: (714) 544-0200 
FAX: (714) 731-8438 


tArrow Electronics, Inc. 
19748 Dearborn Street 
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Tel: (213) 701-7500 
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4103 Northgate Blvd. 

Sacramento 95834 
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Wyle Distribution Group 
124 Maryland Street 
El Segundo 90254 
Tel: (213) 322-8100 
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tWyle Distribution Group 
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Commerce Industrial Park 
Commerce Drive 
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tArrow Electronics, Inc. 

400 Fairway Drive 
Suite 102 

Deerfield Beach 33441 
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Lake Marv 32746 
Tel: (407) 323-0252 
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Hamilton/Avnet Computer 
6801 N.W. 15th Way 
Ft. Lauderdale 33309 

Hamilton/Avnet Computer 
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St. Petersburg 33702 

tHamilton/Avnet Electronics 
6801 N.W. 15th Way 
Ft. Lauderdale 33309 
Tel: (305) 971-2900 
FAX: 305-971-5420 


tArrow Electronics, Inc. 
951 1 Ridgehaven Court 
San Diego 92123 
Tel: (619) 565-4800 
FAX: 619-279-8062 


tWyle Distribution Group 
9525 Chesapeake Drive 
San Diego 92123 
Tel: (619) 565-9171 
TWX: 910-335-1590 


tHamilton/Avnet Electronics 
3197 Tech Drive North 
St. Petersburg 33702 
Tel: (813) 573-3930 
FAX: 813-572-4329 


tArrow Electronics, Inc. 
521 Weddell Drive 
Sunnyvale 94086 
Tel: (408) 745-6600 
TWX: 910-339-9371 


tWyle Distribution Group 
3000 Bowers Avenue 
Santa Clara 95051 
Tel: (408) 727-2500 
TWX: 408-988-2747 


tHamilton/Avnet Electronics 
6947 University Boulevard 
Winter Park 32792 
Tel: (407) 628-3888 
FAX: 407-678-1878 


tPioneer/Technologies Group, Inc. 
337 Northlake Blvd., Suite 1000 
Alta Monte Springs 32701 
Tel: (407) 834-9090 
FAX: 407-834-0865 

Pioneer/Technologies Group, Inc. 
674 S. Military Trail 
Deerfield Beach 33442 
Tel: (305) 428-8877 
FAX: 305-481-2950 


GEORGIA 

Arrow Commercial System Group 
3400 C. Corporate Way 
Deluth 30139 
Tel: (404) 623-8825 
FAX: (404) 623-8802 

tArrow Electronics, Inc. 

4250 E. Rivergreen Parkway 
Deluth 30136 
Tel: (404) 497-1300 
TWX: 810-766-0439 

Hamilton/Avnet Computer 
5825 D. Peachtree Corners E. 
Norcross 30092 

tHamilton/Avnet Electronics 
5825 D Peachtree Corners 
Norcross 30092 
Tel: (404) 447-7500 
TWX: 810-766-0432 

Pioneer/Technologies Group, Inc. 
3100 F Northwoods Place 
Norcross 30071 
Tel: (404) 448-1711 
FAX: 404-446-8270 


ILLINOIS 

tArrow Electronics, Inc. 
1140W. Thorndale 
Itasca 60143 
Tel: (708) 250-0500 
TWX: 708-250-0916 

Hamilton/Avnet Computer 
1 130 Thorndale Avenue 
Bensenville 60106 

tHamilton/Avnet Electronics 
1130 Thorndale Avenue 
Bensenville 60106 
Tel: (708) 860-7780 
TWX: 708-860-8530 

MTI Systems Sales 
1100 W. Thorndale 
Itasca 60143 
Tel: (708) 773-2300 

tPioneer/Standard Electronics 
2171 Executive Dr., Suite 200 
Addison 60101 
Tel: (708) 495-9680 
FAX: 708-495-9831 


INDIANA 

tArrow Electronics, Inc. 
7108'Lakeview Parkway West Drive 
Indianapolis 46268 
Tel: (317) 299-2071 
FAX: 317-299-0255 

Hamilton/Avnet Computer 
485 Gradle Drive ' \ 

Carmel 46032 

Hamilton/Avnet Electronics 
485 Gradle Drive 
Carmel 46032 
Tel: (317) 844-9333 
FAX: 317-844-5921 

tPioneer/Standard Electronics 

9350 Priority Way 

West Drive 

Indianapolis 46250 

Tel: (317) 573-0880 

FAX: 317-573-0979 
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IOWA 

Hamilton/Avnet Computer 
915 33rd Avenue SW 
Cedar Rapids 52404 

Hamilton/Avnet Electronics 
915 33rd Avenue, S.W. 

Cedar Rapids 52404 
Tel: (319) 362-4757 

KANSAS 

Arrow Electronics, Inc. 

8208 Melrose Dr., Suite 210 
Lenexa 66214 
Tel: (913) 541-9542 
FAX: 913-541-0328 

Hamilton/Avnet Computer 
15313 W. 95th Street 
Lenexa 61219 

tHamilton/Avnet Electronics 
15313 W. 95th 
Overland Park 66215 
Tel: (913) 888-8900 
FAX: 913-541-7951 

KENTUCKY 

Hamilton/Avnet Electronics 
805 A. Newtown Circle 
Lexington 4051 1 
Tel: (606) 259-1475 

MARYLAND 

tArrow Electronics, Inc. 

8300 Guilford Drive 
Suite H, River Center 
Columbia 21046 
Tel: (301) 995-6002 
FAX: 301-381-3854 

Hamilton/Avnet Computer 
6822 Oak Hall Lane 
Columbia 21045 

tHamilton/Avnet Electronics 
6822 Oak Hall Lane 
Columbia 21045 
Tel: (301) 995-3500 
FAX: 301-995-3593 

tMesa Technology Corp. 

9720 Patuxent Woods Dr. 
Columbia 21046 
Tel: (301) 290-8150 
FAX: 301-290-6474 

tPioneer/Technologies Group, Inc. 
9100 Gaither Road 
Gaithersburg 20877 
Tel: (301) 921-0660 
FAX: 301-921-4255 

MASSACHUSETTS 

Arrow Electronics, Inc. 

25 Upton Dr. 

Wilmington 01887 
Tel: (508) 658-0900 
TWX: 710-393-6770 

Hamilton/Avnet Computer 
10 D Centennial Drive 
Peabody 01960 

tHamilton/Avnet Electronics 
1 0D Centennial Drive 
Peabody 01960 
Tel: (508) 532-9838 
FAX: 508-596-7802 

tPioneer/Standard Electronics 
44 Hartwell Avenue 
Lexington 02173 
Tel: (617) 861-9200 
FAX: 617-863-1547 

Wyle Distribution Group 
15 Third Avenue 
Burlington 01803 
Tel: (617) 272-7300 
FAX: 617-272-6809 

MICHIGAN 

tArrow Electronics, Inc. 

19880 Haggerty Road 
Livonia 48152 
Tel: (313) 665-4100 
TWX: 810-223-6020 


DOMESTIC DISTRIBUTORS (Contd.) 


Hamilton/Avnet Computer 
2215 S.E. A-5 
Grand Rapids 49508 

Hamilton/Avnet Computer 
41650 Garden Rd., Ste. 100 
Novi 48050 

Hamilton/Avnet Electronics 
2215 29th Street S.E. 

Space A5 

Grand Rapids 49508 
Tel: (616) 243-8805 
FAX: 616-698-1831 

namiiion/'Aviiei Eiooiiutiics 
41650 Garden Brook 
Novi 48050 
Tel: (313) 347-4271 
FAX: 313-347-4021 

tPioneer/Standard Electronics 
4505 Broadmoor S.E. 

Grand Rapids 49508 
Tel: (616) 698-1800 
FAX: 616-698-1831 

tPioneer/Standard Electronics 
13485 Stamford 
Livonia 481 50 
Tel: (313) 525-1800 
FAX/ 31 3-427-3720 

MINNESOTA 

tArrow Electronics, Inc. 

5230 W. 73rd Street 
Edina 55435 
Tel: (612) 830-1800 
TWX: 910-576-3125 

Hamilton/Avnet Computer 
12400 Whitewater Drive 
Minnetonka 55343 

tHamilton/Avnet Electronics 
12400 Whitewater Drive 
Minnetonka 55434 
Tel: (612) 932-0600 
TWX: 910-576-2720 

tPioneer/Standard Electronics 
7625 Golden Triange Dr. 

Suite G 

Eden Prairie 55343 
Tel: (612) 944-3355 
FAX: 612-944-3794 

MISSOURI 

tArrow Electronics, Inc. 

2380 Schuetz 
St. Louis 63141 
Tel: (314) 567-6888 
FAX: 314-567-1164 

Hamilton/Avnet Computer 
739 Goddard Avenue 
Chesterfield 63005 

tHamilton/Avnet Electronics 
741 Goddard 
Chesterfield 63005 
Tel: (314) 537-1600 
FAX: 314-537-4248 

NEW HAMPSHIRE 

Hamilton/Avnet Computer 
2 Executive Park Drive 
Bedford 03102 

Hamilton/Avnet Computer 
444 East Industrial Park Dr. 
Manchester 03103 

NEW JERSEY 

tArrow Electronics, Inc. 

4 East Stow Road 
Unit 1 1 

Marlton 08053 
Tel: (609) 596-8000 
FAX: 609-596-9632 

tArrow Electronics 
6 Century Drive 
Parsipanny 07054 
Tel: (201) 538-0900 
FAX: 201-538-0900 
Hamilton/Avnet Computer 
1 Keystone Ave., Bldg. 36 
Cherry Hill 08003 


Hamilton/Avnet Computer 
10 Industrial Road 
Fairfield 07006 

tHamilton/Avnet Electronics 
1 Keystone Ave., Bldg. 36 
Cherry Hill 08003 
Tel: (609) 424-0110 
FAX: 609-751-2552 

tHamilton/Avnet Electronics 
10 Industrial 
Fairfield 07006 
Tel: (201) 575-3390 
FAX: 201-575-5839 

tMTI Systems Sales 
9 Law Drive 
Fairfield 07006 
Tel: (201) 227-5552 
FAX: 201-575-6336 

tPioneer/Standard Electronics 
14- A Madison Rd. 

Fairfield 07006 
Tel: (201) 575-3510 
FAX: 201-575-3454 

NEW MEXICO 

Alliance Electronics Inc. 

10510 Research Avenue 
Albuquerque 87123 
Tel: (505) 292-3360 
FAX: 505-292-6537 

Hamilton/Avnet Computer 
5659 Jefferson, N.E. Suites A & B 
Albuquerque 87109 

tHamilton/Avnet Electronics 
5659A Jefferson N.E. 

Albuquerque 87109 
Tel: (505) 765-1500 
FAX: 505-243-1395 

NEW YORK 

tArrow Electronics, Inc. 

3375 Brighton Henrietta Townline Rd. 
Rochester 14623 
Tel: (716) 427-0300 
TWX: 510-253-4766 

Arrow Electronics, Inc. 

20 Oser Avenue 
Hauppauge 11788 
Tel: (516) 231-1000 
TWX: 510-227-6623 

Hamilton/Avnet Computer 
933 Motor Parkway 
Haupauge 11788 

Hamilton/Avnet Computer 
2060 Townline 
Rochester 14623 

tHamilton/Avnet Electronics 
933 Motor Parkway 
Hauppauge 11788 
Tel: (516) 231-9800 
TWX: 510-224-6166 

tHamilton/Avnet Electronics 
2060 Townline Rd. 

Rochester 14623 
Tel: (716) 272-2744 
TWX: 510-253-5470 

Hamilton/Avnet Electronics 
103 Twin Oaks Drive 
Syracuse 13206 
Tel: (315) 437-0288 
TWX: 710-541-1560 

tMTI Systems Sales 
38 Harbor Park Drive 
Port Washington 11050 
Tel: (516) 621-6200 
FAX: 510-223-0846 

Pioneer/Standard Electronics 
68 Corporate Drive 
Binghamton 13904 
Tel: (607) 722-9300 
FAX: 607-722-9562 

Pioneer/Standard Electronics 
40 Oser Avenue 
Hauppauge 11787 
Tel: (516) 231-9200 
FAX: 510-227-9869 


tPioneer/Standard Electronics 
60 Crossway Park West 
Woodbury, Long Island 11797 
Tel: (516) 921-8700 
FAX: 516-921-2143 

tPioneer/Standard Electronics 
840 Fairport Park 
Fairport 14450 
Tel: (716) 381-7070 
FAX: 716-381-5955 

NORTH CAROLINA 

tArrow Electronics, Inc. 

Raleigh' 27604“”'' 

Tel: (919) 876-3132 
TWX: 510-928-1856 

Hamilton/Avnet Computer 
3510 Spring Forest Road 
Raleigh 27604 

tHamilton/Avnet Electronics 
3510 Spring Forest Drive 
Raleigh 27604 
Tel: (919) 878-0819 
TWX: 510-928-1836 

Pioneer/Technologies Group, Inc. 
9401 L-Southern Pine Blvd. 
Charlotte 28210 
Tel: (919) 527-8188 
FAX: 704-522-8564 

Pioneer Technologies Group, Inc. 

2810 Meridian Parkway 

Suite 148 

Durham 27713 

Tel: (919) 544-5400 

FAX: 919-544-5885 

OHIO 

Arrow Commercial System Group 
284 Cramer Creek Court 
Dublin 43017 
Tel: (614) 889-9347 
FAX: (614) 889-9680 

tArrow Electronics, Inc. 

6238 Cochran Road 
Solon 44139 
Tel: (216) 248-3990 
TWX: 810-427-9409 

Hamilton/Avnet Computer 
7764 Washington Village Dr. 
Dayton 45459 

Hamilton/Avnet Computer 
30325 Bainbridge Rd., Bldg. A 
Solon 44139 

tHamilton/Avnet Electronics 
7760 Washington Village Dr. 
Dayton 45459 
Tel: (513) 439-6733 
FAX: 513-439-6711 

tHamilton/Avnet Electronics 
30325 Bainbridge 
Solon 44139 
Tel: (216) 349-5100 
TWX: 810-427-9452 
Hamilton/Avnet Computer 
777 Brooksedge Blvd. 

Westerville 43081 
Tel: (614) 882-7004 
FAX: 614-882-8650 

Hamilton/Avnet Electronics 
777 Brooksedge Blvd. 

Westerville 43081 
Tel: (614) 882-7004 

MTI Systems Sales 
23400 Commerce Park Road 
Beachwood 44122 
Tel: (216) 464-6688 

tPioneer/Standard Electronics 
4433 Interpoint Boulevard 
Dayton 45424 
Tel: (513) 236-9900 
FAX: 513-236-8133 

tPioneer/Standard Electronics 
4800 E. 131 st Street 
Cleveland 441 05 
Tel: (216) 587-3600 
FAX: 216-663-1004 


tCertified Technical Distributor 




DOMESTIC DISTRIBUTORS (Contd.) 


OKLAHOMA 

Arrow Electronics, Inc. 

4719 South Memorial Dr. 

Tulsa 74145 

tHamilton/Avnet Electronics 
12121 E. 51st St., Suite 102A 
Tulsa 74146 
Tel: (918) 252-7297 

OREGON 

tAlmac Electronics Corp. 

1885 N.W. 169th Place 
Beaverton 97005 
Tel: (503) 629-8090 
FAX: 503-645-0611 

Hamilton/Avnet Computer 
9409 Southwest Nimbus Ave. 
Beaverton 97005 

tHamilton/Avnet Electronics 
9409 S.W. Nimbus Ave. 

Beaverton 97005 
Tel: (503) 627-0201 
FAX: 503-641-4012 

Wyle 

9640 Sunshine Court 
Bldg. G, Suite 200 
Beaverton 97005 
Tel: (503) 643-7900 
FAX: 503-646-5466 

PENNSYLVANIA 

Arrow Electronics, Inc. 

650 Seco Road 
Monroeville 151 46 
Tel: (412) 856-7000 

Hamilton/Avnet Computer 
2800 Liberty Ave., Bldg. E 
Pittsburgh 15222 

Hamilton/Avnet Electronics 
2800 Liberty Ave. 

Pittsburgh 15238 
Tel: (412) 281-4150 

Pioneer/Standard Electronics 
259 Kappa Drive 
Pittsburgh 15238 
Tel: (412) 782-2300 
FAX: 412-963-8255 

tPioneer/Technologies Group, Inc. 

Delaware Valley 

261 Gibralter Road 

Horsham 19044 

Tel: (215) 674-4000 

FAX: 215-674-3107 

TENNESSEE 

Arrow Commercial System Group 
3635 Knight Road 
Suite 7 

Memphis 38118 
Tel: (901) 367-0540 
FAX: (901) 367-2081 

TEXAS 

Arrow Electronics, Inc. 

3220 Commander Drive 
Carrollton 75006 
Tel: (214) 380-6464 
FAX: (214) 248-7208 


Hamilton/Avnet Computer 
1 807A West Braker Lane 
Austin 78758 

Hamilton/Avnet Computer 
Forum 2 

4004 Beltline, Suite 200 
Dallas 75244 

Hamilton/Avnet Computer 
4850 Wright Rd„ Suite 190 
Stafford 77477 

tHamilton/Avnet Electronics 
1807 W. Braker Lane 
Austin 78758 
Tel: (512) 837-8911 
TWX: 910-874-1319 

tHamilton/Avnet Electronics 
4004 Beltline, Suite 200 
Dallas 75234 
Tel: (214) 308-8111 
TWX: 910-860-5929 

tHamilton/Avnet Electronics 
4850 Wright Rd„ Suite 190 
Stafford 77477 
Tel: (713) 240-7733 
TWX: 910-881-5523 

tPioneer/Standard Electronics 

1826-D Kramer 

Austin 78758 

Tel: (512) 835-4000 

FAX: 512-835-9829 

tPioneer/Standard Electronics 
13710 Omega Road 
Dallas 75244 
Tel: (214) 386-7300 
FAX: 214-490-6419 

tPioneer/Standard Electronics 
1 0530 Rockley Road 
Houston 77099 
Tel: (713) 495-4700 
FAX: 713-495-5642 

tWyle Distribution Group 
1810 Greenville Avenue 
Richardson 75081 
Tel: (214) 235-9953 
FAX: 214-644-5064 

UTAH 

Hamilton/Avnet Computer 
1585 West 2100 South 
Salt Lake City 84119 

tHamilton/Avnet Electronics 
1585 West 2100 South 
Salt Lake City 84119 
Tel: (801) 972-2800 
TWX: 910-925-4018 

tWyle Distribution Group 
1325 West 2200 South 
Suite E 

West Valley 84119 
Tel: (801) 974-9953 

WASHINGTON 

tAlmac Electronics Corp. 
14360 S.E. Eastgate Way 
Bellevue 98007 
Tel: (206) 643-9992 
FAX: 206-643-9709 


Hamilton/Avnet Computer 
17761 Northeast 78th Place 
Redmond 98052 

tHamilton/Avnet Electronics 
17761 N.E. 78th Place 
Redmond 98052 
Tel: (206) 881-6697 
FAX: 206-867-0159 

Wyle Distribution Group 
15385 N.E. 90th Street 
Redmond 98052 
Tel: (206) 881-1150 
FAX: 206-881-1567 

WISCONSIN 

Arrow Electronics, Inc. 

200 N. Patrick Bivd., Ste. 100 
Brookfield 53005 
Tel: (414) 792-0150 
FAX: 414-792-0156 

Hamilton/Avnet Computer 
20875 Crossroads Circle 
Suite 400 
Waukesha 53186 

tHamilton/Avnet Electronics 
28875 Crossroads Circle 
Suite 400 
Waukesha 53186 
Tel: (414) 784-4510 
FAX: 414-784-9509 


CANADA 


ALBERTA 

Hamilton/Avnet Computer 
2816 21st Street Northeast 
Calgary T2E 6Z2 

Hamilton/Avnet Electronics 
2816 21st Street N.E. #3 
Calgary T2E 6Z3 
Tel: (403) 230-3586 
FAX: 403-250-1591 

Zentronics 
6815 #8 Street N.E. 

Suite 100 
Calgary T2E 7H 
Tel: (403) 295-8818 
FAX: 403-295-8714 

BRITISH COLUMBIA 

tHamilton/Avnet Electronics 
8610 Commerce Ct. 
Burnaby V5A 4N6 
Tel: (604) 420-4101 
FAX: 604-437-4712 

Zentronics 

108-11400 Bridgeport Road 
Richmond V6X 1T2 
Tel: (604) 273-5575 
FAX: 604-273-2413 

ONTARIO 

Arrow Electronics, Inc. 

36 Antares Dr., Unit 100 
Nepean K2E 7W5 
Tel: (613) 226-6903 
FAX: 613-723-2018 


tArrow Electronics, Inc. 

1093 Meyerside, Unit 2 
Mississauga L5T 1 M4 
Tel: (416) 673-7769 
FAX: 416-672-0849 
Hamilton/Avnet Computer 
Canada System Engineering 
Group 

3688 Nashua Drive 
Units 7 & 8 
Mississuaga L4V 1 M5 
Hamilton/Avnet Computer 
3688 Nashua Drive 
Units 9 & 10 
Mississuaga L4V 1M5 
Hamilton/Avnet Computer 
6845 Rexwood Road 
Units 7, 8, & 9 
Mississuaga L4V 1 R2 
Hamilton/Avnet Computer 
190 Colonade Road 
Nepean K2E 7J5 
tHamilton/Avnet Electronics 
6845 Rexwood Road 
Units 3-4-5 
Mississauga L4T 1R2 
Tel: (416) 677-7432 
FAX: 416-677-0940 
tHamilton/Avnet Electronics 
190 Colonnade Road South 
Nepean K2E-7L5 
Tel: (613) 226-1700 ' 

FAX: 613-226-1184 
tZentronics 
1355 Meyerside Drive 
Mississauga L5T 1 C9 
Tel: (416) 564-9600 
FAX: 416-564-8320 
tZentronics 
155 Colonnade Road 
Unit 17 

Nepean K2E 7K1 
Tel: (613) 226-8840 
FAX: 613-226-6352 

QUEBEC 

Arrow Electronics Inc. 

1100 St. Regis 
Dorval H9P 2T5 
Tel: (514) 421-7411 
FAX: 514-421-7430 
Arrow Electronics, Inc. 

500 Boul. St-Jean-Baptiste 
Suite 280 
Quebec G2E 5R9 
Tel: (418) 871-7500 
FAX: 418-871-6816 
Hamilton/Avnet Computer 
2795 Rue Halpern 
St. Laurent H4S 1P8 
tHamilton/Avnet Electronics 
2795 Halpern 
St. Laurent H2E 7K1 
Tel: (514) 335-1000 
FAX: 514-335-2481 
tZentronics 
520 McCaffrey 
St. Laurent H4T 1 N3 
Tel: (514) 737-9700 
FAX: 514-737-5212 


tCertified Technical Distributor 




EUROPEAN SALES OFFICES 


FINLAND 

Intel Finland OY 
Ruosilantie 2 
00390 Helsinki 
Tel: (358) 0 544 644 
TLX: 123332 

FRANCE 

Intel Corporation S.A.R.L. 

1, Rue Edison-BP 303 
78054 St. Quentin-en-Yvelines 
Cedex 

Tel: (33) (1) 30 57 70 00 
TLX: 699016 

ISRAEL 

Intel Semiconductor Ltd. 

Atidim Industrial Park-Neve Sharet 

P.O. Box 43202 

Tel-Aviv 61430 

Tel: (972) 03-498080 

TLX: 371215 


ITALY 

Intel Corporation Italia S.p.A. 
Milanofiori Palazzo E 
20094 Assago 
Milano 

Tel: (39) (02) 89200950 
TLX: 341286 

NETHERLANDS 

Intel Semiconductor B.V. 
Postbus 84130 
3099 CC Rotterdam 
Tel: (31) 10.407.11.11 
TLX: 22283 

SPAIN 

Intel Iberia S.A. 

Zurbaran, 28 
28010 Madrid 
Tel: (34) (1) 308.25.52 
TLX: 46880 


SWEDEN 

Intel Sweden A.B. 
Dalvagen 24 
171 36 Solna 
Tel: (46) 8 734 01 00 
TLX: 12261 


SWITZERLAND 

Intel Semiconductor A.G. 
Zuerichstrasse 

8185 Winkel-Rueti bei Zuerich 
Tel: (41) 01/860 62 62 
TLX: 825977 


UNITED KINGDOM 

Intel Corporation (U.K.) Ltd. 
Pipers Way 

Swindon, Wiltshire SN3 1RJ 
Tel: (44) (0793) 696000 
TLX: 444447/8 


WEST GERMANY 

Intel GmbH 

Dornacher Strasse 1 

8016 Feldkirchen bei Muenchen 

Tel: (49) 089/90992-0 

FAX: (49) 089/904/3948 


Intel GmbH 

Abraham Lincoln Strasse 16-18 
6200 Wiesbaden 
Tel: (49) 06121/7605-0 
TLX: 4-186183 

Intel GmbH 
Zettachring 10A 
7000 Stuttgart 80 
Tel: (49) 0711/7287-280 
TLX: 7-254826 


EUROPEAN DISTRIBUTORS/REPRESENTATIVES 


AUSTRIA 

Bacher Electronics G.m.b.H. 
Rotenmuehlgasse 26 
1120 Wien 

Tel: (43) (0222) 83 56 46 
TLX: 31532 

BELGIUM 

Inelco Belgium S.A. 

Av. des Croix de Guerre 94 
1120 Bruxelles 
Oorlogskruisenlaan, 94 
1120 Brussel 
Tel: (32) (02) 216 01 60 
TLX: 64475 or 22090 

DENMARK 

ITT-Multikomponent 
Naverland 29 
2600 Glostrup 
Tel: (45) (0) 2 45 66 45 
TLX: 33 355 

FINLAND 

OY Fintronic AB 
Melkonkatu 24A 
00210 Helsinki 
Tel: (358) (0) 6926022 
TLX: 124224 

FRANCE 

Almex 

Zone industrielle d’Antony 
48, rue de I’Aubepine 
BP 102 

92164 Antony cedex 
Tel: (33) (1) 46 66 21 12 
TLX: 250067 
Jermyn 

60, rue des Gemeaux 
Silic 580 

94653 Rungis Cedex 
Tel: (33) (1) 49 78 49 78 
TLX: 261585 

Metrologie 
Tour d'Asnieres 
4, av. Laurent-Cely 
92606 Asnieres Cedex 
Tel: (33) (1) 47 90 62 40 
TLX: 611448 

Tekelec-Airtronic 
Cite des Bruyeres 
Rue Carle Vernet - BP 2 
92310 Sevres 
Tel: (33) (1) 45 34 75 35 
TLX: 204552 


IRELAND 

Micro Marketing Ltd. 
Glenageary Office Park 
Glenageary 
Co. Dublin 

Tel: (21) (353) (01) 856288 
FAX: (21) (353) (01) 857364 
TLX: 31584 


ISRAEL 

Eastronics Ltd. 

1 1 Rozanis Street 
P.O.B. 39300 
Tel-Aviv 61392 
Tel: (972) 03-475151 
TLX: 33638 

ITALY 

Intesi 

Divisione ITT Industries GmbH 
Viale Milanofiori 
Palazzo E/5 
20090 Assago (Ml) 

Tel: (39) 02/824701 
TLX: 311351 

Lasi Elettronica S.p.A. 

V. le Fulvio Testi, 126 
20092 Cinisello Balsamo (Ml) 
Tel: (39) 02/2440012 
TLX: 352040 

Telcom S.r.l. 

Via M. Civitali 75 
20148 Milano 
Tel: (39) 02/4049046 
TLX: 335654 

ITT Multicomponents 
Viale Milanofiori E/5 
20090 Assago (Ml) 

Tel: (39) 02/824701 
TLX: 311351 

Silverstar 

Via Dei Gracchi 20 
20146 Milano 
Tel: (39) 02/49961 
TLX: 332189 


NETHERLANDS 

Koning en Hartman 
Elektrotechniek B.V. 
Energieweg 1 
2627 AP Delft 
Tel: (31) (1) 15/609906 
TLX: 38250 


NORWAY 

Nordisk Elektronikk (Norge) A/S 

Postboks 123 

Smedsvingen 4 

1364 Hvalstad 

Tel: (47) (02) 84 62 10 

TLX: 77546 

PORTUGAL 

ATD Portugal LDA 

Rua Dos Lusiados, 5 Sala B 

1300 Lisboa 

Tel: (35) (1) 64 80 91 

TLX: 61562 

Ditram 

Avenida Miguel Bombarda, 133 
1000 Lisboa 
Tel: (35) (1) 54 53 13 
TLX: 14182 


SPAIN 

ATD Electronica, S.A. 

Plaza Ciudad de Viena, 6 
28040 Madrid 
Tel: (34) (1) 234 40 00 
TLX: 42477 

Metrologia Iberica, S.A. 
Ctra. de Fuencarral, n.80 
28100 Alcobendas (Madrid) 
Tel: (34) (1) 653 86 11 

SWEDEN 

Nordisk Elektronik AB 
Torshamnsgatan 39 
Box 36 
164 93 Kista 
Tel: (46) 08-03 46 30 
TLX: 105 47 


SWITZERLAND 

Industrade A.G. 
Hertistrasse 31 
8304 Wallisellen 
Tel: (41) (01) 8328111 
TLX: 56788 


TURKEY 

EMPA Electronic 
Lindwurmstrasse 95A 
8000 Muenchen 2 
Tel: (49) 089/53 80 570 
TLX: 528573 


UNITED KINGDOM 

Accent Electronic Components Ltd. 
Jubilee House, Jubilee Road 
Letchworth, Herts SG6 1QH 
Tel: (44) (0462) 670011 
FAX: (44) (0462) 682467 
TWX: 826505 

Bytech Components Ltd. 

1 2A Cedarwood 
Chineham Business Park 
Crockford Lane 
Basingstoke 
Hants RG24 0WD 
Tel: (0256) 707107 
FAX: 0256-707162 

Conformix 
Unit 5 

A1 M Business Centre 
Dixons Hill Road 
Welham Green 
South Hatfield 
Herts AL9 7JE 
Tel: (07072) 73282 
FAX: (07072) 61678 

Bytech Systems 
3 The Western Centre 
Western Road 
Bracknell RG12 1RW 
Tel: (44) (0344) 55333 
FAX: (44) (0344) 867270 
TWX: 849624 

Jermyn 
Vestry Estate 
Otford Road 
Sevenoaks 
Kent TNI 4 5EU 
Tel: (44) (0732) 450144 
FAX: (44) (0732) 451251 
TWX: 95142 

MMD Ltd. 

3 Bennet Court 
Bennet Road 
Reading 

Berkshire RG2 0QX 
Tel: (44) (0734) 313232 
FAX: (44) (0734) 313255 
TWX: 846669 

Rapid Recall, Ltd. 

Rapid House 
Oxford Road 
High Wycombe 
Buckinghamshire HP1 1 2EE 
Tel: (44) (0494) 26271 
FAX: (44) (0494) 21860 
TWX: 837931 


Rapid Recall, Ltd. 

28 High Street 
Nantwich 

Cheshire CW5 5AS 
Tel: (0270) 627505 
FAX: (0270) 629883 
TWX: 36329 


WEST GERMANY 

Electronic 2000 AG 
Stahlgruberring 12 
8000 Muenchen 82 
Tel: (49) 089/42001-0 
TLX: 522561 

ITT Multikomponent GmbH 
Postfach 1265 
Bahnhofstrasse 44 
7141 Moeglingen 
Tel: (49) 07141/4879 
TLX: 7264472 

Jermyn GmbH 
Im Dachsstueck 9 
6250 Limburg 
Tel: (49) 06431/508-0 
TLX: 415257-0 

Metrologie GmbH 
Meglingerstrasse 49 
8000 Muenchen 71 
Tel: (49) 089/78042-0 
TLX: 5213189 

Proelectron Vertriebs GmbH 
Max Planck Strasse 1-3 
6072 Dreieich 
Tel: (49) 06103/30434-3 
TLX: 417903 


YUGOSLAVIA 

H.R. Microelectronics Corp. 
2005 de la Cruz Blvd., Ste. 223 
Santa Clara, CA 95050 
U.S.A. 

Tel: (1) (408) 988-0286 
TLX: 387452 

Rapido Electronic Components 
S.p.a. 

Via C. Beccaria, 8 
34133 Trieste 
Italia 

Tel: (39) 040/360555 
TLX: 460461 




INTERNATIONAL SALES OFFICES 


AUSTRALIA 

Intel Australia Pty. Ltd. 

Unit 13 

Ailambie Grove Business Park 
25 Frenchs Forest Road East 
Frenchs Forest, NSW, 2086 
Tel: 61-2975-3300 
FAX: 61-2975-3375 


INDIA 

Intel Asia Electronics, Inc. 
4/2, Samrah Plaza 
St. Mark’s Road 
Bangalore 560001 
Tel: 011-91-812-215065 
TLX: 953-845-2646 INTL IN 
FAX: 091-812-215067 


BRAZIL 


JAPAN 


Intel Semicondutores do Brazil LTDA 
Av. Paulista, 1159-CJS 404/405 
01311 - Sao Paulo - S.P. 

Tel: 55-11-287-5899 
TLX: 3911153146 ISDB 
FAX: 55-11-287-5119 


Intel Japan K.K. 

5-6 Tokodai, Tsukuba-shi 
Ibaraki, 300-26 
Tel: 0298-47-8511 
TLX: 3656-160 
FAX: 0298-47-8450 


CHINA/HONG KONG 

Intel PRC Corporation 
15/F, Office 1, Citic Bldg. 
Jian Guo Men Wai Street 
Beijing, PRC 
Tel: (1) 500-4850 
TLX: 22947 INTEL CN 
FAX: (1) 500-2953 

Intel Semiconductor Ltd.* 
1 0/F East Tower 
Bond Center 
Queensway, Central 
Hong Kong 
Tel: (852) 844-4555 
FAX: (852) 868-1989 


Intel Japan K.K.* 

Daiichi Mitsugi Bldg. 

1- 8889 Fuchu-cho 
Fuchu-shi, Tokyo 183 
Tel: 0423-60-7871 
FAX: 0423-60-0315 

Intel Japan K.K.* 

Bldg. Kumagaya 

2- 69 Hon-cho 

Kumagaya-shi, Saitama 360 
Tel: 0485-24-6871 
FAX: 0485-24-7518 


Intel Japan K.K.* 

Kawa-asa Bldg. 

2-11-5 Shin-Yokohama 
Kohoku-ku, Yokohama-shi 
Kanagawa, 222 
Tel: 045-474-7661 
FAX: 045-471-4394 

Intel Japan K.K.* 

Ryokuchi-Eki Bldg. 

2-4-1 Terauchi 
Toyonaka-shi, Osaka 560 
Tel: 06-863-1091 
FAX: 06-863-1084 

Intel Japan K.K. 

Shinmaru Bldg. 

1-5-1 Marunouchi 
Chiyoda-ku, Tokyo 100 
Tel: 03-201-3621 
FAX: 03-201-6850 

Intel Japan K.K. 

Green Bldg. 

1-16-20 Nishiki 
Naka-ku, Nagoya-shi 
Aichi 450 
Tel: 052-204-1261 
FAX: 052-204-1285 

KOREA 

Intel Korea, Ltd. 

16th Floor, Life Bldg. 

61 Yoido-dong, Youngdeungpo-Ku 
Seoul 150-010 

Tel: (2) 784-8186, 8286, 8386 
TLX: K2931 2 INTELKO 
FAX: (2) 784-8096 


SINGAPORE 

Intel Singapore Technology, Ltd. 

101 Thomson Road #21-05/06 

United Square 

Singapore 1130 

Tel: 250-7811 

TLX: 39921 INTEL 

FAX: 250-9256 


TAIWAN 

Intel Technology Far East Ltd. 
8th Floor, No. 205 
Bank Tower Bldg. 

Tung Hua N. Road 
Taipei 

Tel: 886-2-716-9660 
FAX: 886-2-717-2455 


INTERNATIONAL DISTRIBUTORS/REPRESENTATIVES 


ARGENTINA 

Dafsys S.R.L. 

Chacabuco, 90-6 Piso 
1069-Buenos Aires 
Tel: 54-1-334-7726 
FAX: 54-1-334-1871 

AUSTRALIA 

Email Electronics 
15-17 Hume Street 
Huntingdale, 3166 
Tel: 011-61-3-544-8244 
TLX: AA 30895 
FAX: 011-61-3-543-8179 

NSD-Australia 

205 Middleborough Rd. 

Box Hill, Victoria 3128 
Tel: 03 8900970 
FAX: 03 8990819 

BRAZIL 

tlebra Componentes 

Rua Geraldo Fiausina Gomes, 78 

7 Andar 

04575 - Sao Paulo - S.P. 

Tel: 55-11-534-9641 
TLX: 55-11-54593/54591 
FAX: 55-11-534-9424 

CHINA/HONG KONG 

Novel Precision Machinery Co., Ltd. 

Room 728 Trade Square 

681 Cheung Sha Wan Road 

Kowloon, Hong Kong 

Tel: (852) 360-8999 

TWX: 32032 NVTNL HX 

FAX: (852) 725-3695 

INDIA 

Micronic Devices 
Arun Complex 
No. 65 D.V.G. Road 
Basavanagudi 
Bangalore 560 004 
Tel: 011-91-812-600-631 
011-91-812-611-365 
TLX: 9538458332 MDBG 


Micronic Devices 
No. 516 5th Floor 
Swastik Chambers 
Sion, Trombay Road 
Chembur 
Bombay 400 071 
TLX: 9531 171447 MDEV 

Micronic Devices 
25/8, 1st Floor 
Bada Bazaar Marg 
Old Rajinder Nagar 
New Delhi 110 060 
Tel: 011-91-11-5723509 
011-91-11-589771 
TLX: 031-63253 MDND IN 

Micronic Devices 

6-3-348/1 2A Dwarakapuri Colony 

Hyderabad 500 482 

Tel: 011-91-842-226748 

S&S Corporation 
1587 Kooser Road 
San Jose, CA 95118 
Tel: (408) 978-6216 
TLX: 820281 
FAX: (408) 978-8635 


JAPAN 

Asahi Electronics Co. Ltd. 

KMM Bldg. 2-14-1 Asano 
Kokurakita-ku 
Kitakyushu-shi 802 
Tel: 093-511-6471 
FAX: 093-551-7861 

CTC Components Systems Co., Ltd. 
4-8-1 Dobashi, Miyamae-ku 
Kawasaki-shi, Kanagawa 213 
Tel: 044-852-5121 
FAX: 044-877-4268 

Dia Semicon Systems, Inc. 

Flower Hill Shinmachi Higashi-kan 
1-23-9 Shinmachi, Setagaya-ku 
Tokyo 154 
Tel: 03-439-1600 
FAX: 03-439-1601 


Okaya Koki 
2-4-18 Sakae 
Naka-ku, Nagoya-shi 460 
Tel: 052-204-2916 
FAX: 052-204-2901 

Ryoyo Electro Corp. 

Konwa Bldg. 

1-12-22 Tsukiji 
Chuo-ku, Tokyo 104 
Tel: 03-546-5011 
FAX: 03-546-5044 

KOREA 

J-Tek Corporation 

Dong Sung Bldg. 9/F 

158-24, Samsung-Dong, Kangnam-Ku 

Seoul 135-090 

Tel: (822) 557-8039 

FAX: (822) 557-8304 

Samsung Electronics 
Samsung Main Bldg. 

150 Taepyung-Ro-2KA, Chung-Ku 

Seoul 100-102 

C.P.O. Box 8780 

Tel: (822) 751-3680 

TWX: KORSST K 27970 

FAX: (822) 753-9065 

MEXICO 

SSB Electronics, Inc, 

675 Palomar Street, Bldg. 4, Suite A 
Chula Vista, CA 9201 1 
Tel: (619) 585-3253 
TLX: 287751 CBALL UR 
FAX: (619) 585-8322 

Dicopel S.A. 

Tochtli 368 Fracc. Ind. San Antonio 

Azcapotzalco 

C.P. 02760-Mexico, D.F. 

Tel: 52-5-561-3211 
TLX: 177 3790 Dicome 
FAX: 52-5-561-1279 

PHI S.A. de C.V. 

Fco. Villa esq. Ajusco s/n 
Cuernavaca - Morelos 
Tel: 52-73-13-9412 
FAX: 52-73-17-5333 


NEW ZEALAND 

Email Electronics 
36 Olive Road 
Penrose, Auckland 
Tel: 011-64-9-591-155 
FAX: 011-64-9-592-681 


SINGAPORE 


Electronic Resources Re, Ltd. 
1 7 Harvey Road 
#03-01 Singapore 1336 
Tel: (65) 283-0888 
TWX: RS 56541 ERS 
FAX: (65) 289-5327 


SOUTH AFRICA 


Electronic Building Elements 
178 Erasmus St. (off Watermeyet St.) 
Meyerspark, Pretoria, 0184 
Tel: 011-2712-803-7680 
FAX: 011-2712-803-8294 


TAIWAN 


Micro Electronics Corporation 
12th Floor, Section 3 
285 Nanking East Road 
Taipei, R.O.C. 

Tel: (886) 2-7198419 
FAX: (886) 2-7197916 

Acer Sertek Inc. 

15th Floor, Section 2 
Chien Kuo North Rd. 

Taipei 18479 R.O.C. 

Tel: 886-2-501-0055 
TWX: 23756 SERTEK 
FAX: (886) 2-5012521 


♦Field Application Location 



intel 


ALASKA 

Intel Corp. 

c/o TransAlaska Network 
1515 Lore Rd. 

Anchorage 99507 
Tel: (907) 522-1776 

Intel Corp. 

c/o TransAlaska Data Systems 
c/o GCI Operations 
520 Fifth Ave., Suite 407 
Fairbanks 99701 
Tel: (907) 452-6264 

AHIZUNA 

•Intel Corp. 

410 North 44th Street 
Suite 500 
Phoenix 85008 
Tel: (602) 231-0386 
FAX: (602) 244-0446 

•Intel Corp. 

500 E. Fry Blvd., Suite M-15 
Sierra Vista 85635 
Tel: (602) 459-5010 

ARKANSAS 

Intel Corp. 
c/o Federal Express 
1 500 West Park Drive 
Little Rock 72204 

CALIFORNIA 

•Intel Corp. 

21515 Vanowen St., Ste. 116 
Canoga Park 91303 
Tel: (818) 704-8500 

•Intel Corp. 

300 N. Continental Blvd. 

Suite 100 
El Segundo 90245 
Tel: (213) 640-6040 

•Intel Corp. 

1900 Prairie City Rd. 

Folsom 95630-9597 
Tel: (916) 351-6143 

•Intel Corp. 

9665 Chesapeake Dr., Suite 325 
San Diego 92123 
Tel: (619) 292-8086 

••Intel Corp. 

400 N. Tustin Avenue 
Suite 450 
Santa Ana 92705 
Tel: (714) 835-9642 

••Intel Corp. 

2700 San Tomas Exp., 1st Floor 
Santa Clara 95051 
Tel: (408) 970-1747 

COLORADO 

•Intel Corp. 

600 S. Cherry St., Suite 700 
Denver 80222 
Tel: (303) 321-8086 


CALIFORNIA 

2700 San Tomas Expressway 
Santa Clara 95051 
Tel: 1-800-328-0386 


MINNESOTA 

3500 W. 80th Street 
Suite 360 

Bloomington 55431 
Tel: (612) 835-6722 


•Carry-in locations 
**Carry-in/mail-in locations 


DOMESTIC SERVICE OFFICES 


CONNECTICUT 

•Intel Com. 

301 Lee Farm Corporate Park 
83 Wooster Heights Rd. 
Danbury 06811 
Tel: (203) 748-3130 

FLORIDA 

••Intel Corp. 

800 Fairway Dr., Suite 160 
Deerfield Beach 33441 
Tel: (305) 421-0506 
FAX: (305) 421-2444 

•Intel Corp. 

5850 T.G. Lee Blvd., Ste. 340 
Orlando 32822 
Tel: (407) 240-8000 

GEORGIA 
•Intel Corp. 

20 Technology Park, Suite 150 
Norcross 30092 
Tel: (404) 449-0541 

5523 Theresa Street 
Columbus 31907 

HAWAII 

••Intel Corp. 

Honolulu 96820 
Tel: (808) 847-6738 

ILLINOIS 

••flntel Corp. 

Woodfield Corp. Center III 
300 N. Martingale Rd., Ste. 400 
Schaumburg 60173 
Tel: (708) 605-8031 

INDIANA 

•Intel Corp. 

8910 Purdue Rd., Ste. 350 
Indianapolis 46268 
Tel: (317) 875-0623 

KANSAS 
•Intel Corp. 

10985 Cody, Suite 140 
Overland Park 66210 
Tel: (913) 345-2727 

KENTUCKY 

Intel Corp. 

133 Walton Ave., Office 1A 
Lexington 40508 
Tel: (606) 255-2957 

Intel Corp. 

896 Hillcrest Road, Apt. A 
Radcliff 40160 (Louisville) 

LOUISIANA 

Hammond 70401 
(serviced from Jackson, MS) 


MARYLAND 

••Intel Corp. 

10010 Junction Dr., Suite 200 
Annapolis Junction 20701 
Tel: (301) 206-2860 

MASSACHUSETTS 

••Intel Corp. 

Westford Corp. Center 
3 Carlisle Rd., 2nd Floor 
Westford 01886 
Tel: (508) 692-0960 

MICHIGAN 

•Intel Corp. 

7071 Orchard Lake Rd., Ste. 100 
West Bloomfield 48322 
Tel: (313) 851-8905 

MINNESOTA 

•Intel Corp. 

3500 W. 80th St., Suite 360 
Bloomington 55431 
Tel: (612) 835-6722 

MISSISSIPPI 

Intel Corp. 

c/o Compu-Care 

2001 Airport Road, Suite 205F 

Jackson 39208 

Tel: (601) 932-6275 

MISSOURI 

•Intel Corp. 

4203 Earth City Exp., Ste. 131 
Earth City 63045 
Tel: (314) 291-1990 

Intel Corp. 

Route 2, Box 221 
Smithville 64089 
Tel: (913) 345-2727 

NEW JERSEY 

••Intel Corp. 

300 Sylvan Avenue 
Englewood Cliffs 07632 
Tel: (201) 567-0821 

•Intel Corp. 

Parkway 109 Office Center 
328 Newman Springs Road 
Red Bank 07701 
Tel: (201) 747-2233 

NEW MEXICO 

Intel Corp. 

Rio Rancho 1 
4100 Sara Road 
Rio Rancho 87124-1025 
(near Albuquerque) 

Tel: (505) 893-7000 


NEW YORK 

•Intel Corp. 

2950 Expressway Dr. South 
Suite 130 
Islandia 11722 
Tel: (516) 231-3300 

Intel Corp. 

Westage Business Center 
Bldg. 300, Route 9 
Fishkill 12524 
Tel: (914) 897-3860 

Intel Corp. 

Syracuse 13211* 

Tel: (315) 454-0576 

NORTH CAROLINA 

•Intel Corp. 

5800 Executive Center Drive 
Suite 105 
Charlotte 28212 
Tel: (704) 568-8966 

••Intel Corp. 

5540 Centerview Dr., Suite 215 
Raleigh 27606 
Tel: (919) 851-9537 

OHIO 

••Intel Corp. 

3401 Park Center Dr., Ste. 220 
Dayton 45414 
Tel: (513) 890-5350 

•Intel Corp. 

25700 Science Park 1 Dr., Ste. 100 
Beachwood 441 22 
Tel: (216) 464-2736 

OREGON 

••Intel Corp. 

15254 N.W. Greenbrier Parkway 
Building B 
Beaverton 97005 
Tel: (503) 645-8051 

PENNSYLVANIA 

•tlntel Corp. 

925 Harvest Drive 
Suite 200 
Blue Bell 19422 
Tel: (215) 641-1000 
1-800-468-3548 
FAX: (215) 641-0785 

••flntel Corp. 

400 Penn Center Blvd., Ste. 610 
Pittsburgh 15235 
Tel: (412) 823-4970 

•Intel Corp. 

1513 Cedar Cliff Dr. 

Camp Hill 17011 
Tel: (717) 761-0860 


PUERTO RICO 

Intel Corp. 

South Industrial Park 
P.O. Box 910 
Las Piedras 00671 
Tel: (809) 733-8616 

TEXAS 

••Intel Corp. 

Westech 360, Suite 4230 
8911 Capitol of Texas Hwy. 
Austin 78752-1239 
Tel : (512) 794-8086 

' ’ j iniei Cuifj. 

12000 Ford Rd., Suite 401 

Dallas 75234 

Tel: (214) 241-8087 

••Intel Corp. 

7322 SW Freeway, Suite 1490 
Houston 77074 
Tel: (713) 988-8086 

UTAH 

Intel Corp. 

428 East 6400 South 
Suite 104 
Murray 84107 
Tel: (801) 263-8051 
FAX: (801) 268-1457 

VIRGINIA 

•Intel Corp. 

1504 Santa Rosa Rd., Ste. 108 
Richmond 23288 
Tel: (804) 282-5668 

WASHINGTON 

••Intel Corp. 

155 108th Avenue N.E., Ste. 386 
Bellevue 98004 
Tel: (206) 453-8086 

CANADA 

ONTARIO 

••Intel Semiconductor of 
Canada, Ltd. 

2650 Queensview Dr., Ste. 250 
Ottawa K2B 8H6 
Tel: (613) 829-9714 
••Intel Semiconductor of 
Canada, Ltd. 

190 Attwell Dr., Ste. 102 
Rexdale (Toronto) M9W 6H8 
Tel: (416) 675-2105 

QUEBEC 

••Intel Semiconductor of 
Canada, Ltd. 

1 Rue Holiday 
Suite 115 
Tour East 
Pt. Claire H9R 5N3 
Tel: (514) 694-9130 
FAX: 514-694-0064 


CUSTOMER TRAINING CENTERS 


MARYLAND 

10010 Junction Dr. 

Suite 200 

Annapolis Junction 20701 
Tel: 1-800-328-0386 


SYSTEMS ENGINEERING OFFICES 


NEW YORK 

2950 Expressway Dr., South 
Islandia 11722 
Tel: (506) 231-3300 
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Memory Products ■ . , 

In today’s vast array of semiconductor 
memory choices, the design engineer’s job 
is to match memory characteristics to the 
application. Since 1971, Intel has offered a 
variety of memory devices to suit a wide 
range of applications. 

The first step in determining the right 
memory chip is to determine the type of 
memory needed — data or program store. 

The next step is to prioritize the following 
factors: performance, power, density, space 
constraints, packaging, architecture, 
consumption and cost. 

Most of this handbook is devoted to 
techniques and information to help design 
semiconductor memory’ into an application 
or system. Informative data sheets on 
DRAMs, SRAMs, EPROMs and flash 
memories contain many comprehensive 
charts, block diagrams, operating 
characteristics and programming modes. 

Application notes provide diagrams and 
hardware design information. In addition, 
several interesting article reprints are 
included. 
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